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(54) Method and apparatus for vacuum processing, semiconductor device manufacturing 
method and semiconductor device 



(57) A vacuum processing method including placing 
an article to be processed in a reaction container and 
simultaneously supplying at least two high-frequency 
powers having different frequencies to the same high- 
frequency electrode to generate plasma in the reaction 
container by the high-frequency powers introduced into 



the reaction container from the high-frequency elec- 
trode. The frequencies and power values of the at least 
two high-frequency powers supplied satisfy the required 
relationship. Also, disclosed are a semiconductor de- 
vice manufacturing method, a semiconductor device 
and a vacuum processing apparatus. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the invention 

[0001] The present invention relates to a vacuum processing method, a vacuum processing apparatus, a semicon- 
ductor device manufacturing method and a semiconductor device, using a high frequency power, which is used for 
forming a deposited film, etching and so on in semiconductor devices, electrophotographic photosensitive members, 
10 image input line sensors, photographing devices, photovoltaic devices and so on. 

Related Background Art 

[0002] As for vacuum processing methods used when creating semiconductor devices, electrophotographic photo- 
15 sensitive members, image input line sensors, photographing devices, photovoltaic devices, other various electronic 
elements, optical elements and so on, many methods such as a vacuum evaporation method, a sputtering method, 
an ion plating method, a thermal CVD method, an photo-chemical vapor deposition method and a plasma CVD method 
are known, and apparatuses therefor are put into practice. Among others, a plasma process using a high-frequency 
power has various advantages, that is, its discharge is highly stable, it can be used for formation of deposited films 
20 using various materials and etching, and it can also be used for formation of insulating materials of oxide films and 
nitrided films, for instance. As a suitable use of the plasma process, formation of hydrogenated amorphous silicon 
deposited films for electrophotography and so on can be named for instance, and commercialization of this plasma 
process is rapidly underway today with various apparatuses for that purpose also proposed. 

[0003] In addition, various attempts to make a variety of improvements are further made by changing the method of 
25 supplying this high-frequency power. 

[0004] For instance, Japanese Patent Application Laid-Open No. 56^45760 discloses a technology wherein a plurality 
of power supplies of different frequencies (13.56 MHz and 400 kHz just as an example) are applied as the power 
supplies for exciting a reaction gas to the same electrode to excite the reaction gas so as to form a deposited film on 
a substrate to be processed. 

30 [0005] In addition, Japanese Patent Application Laid-Open No. 60-1 60620 (corresponding to EP 01 49089) discloses 
a plasma reactor apparatus having a constitution for supplying the high-frequency power of 1 0 MHz or more and the 
high-frequency power of 1 MHz or less (13.56 MHz and 100 kHz just as an example) to the same electrode. 
[0006] Furthermore, Japanese Patent Application Laid-Open No. 62-188783 discloses a method for manufacturing 
an electrostatic latent image holding member, whereby a modulation frequency power having a low-frequency AC 

35 power (20 Hz to 1 MHz) and a high-frequency AC power (1 MHz to 1 00 GHz) superimposed is supplied to the electrode 
so as to speed up film formation by no longer requiring a heater and superpose an amorphous semiconductor layer 
on the substrate. 

[0007] On the other hand, in recent years, there is a report on the plasma CVD method using the high-frequency 
power supply of a higher frequency (Plasma Chemistry and Plasma Processing, Vol. 7, No. 3, (1 987), pp. 267 to 273), 

40 which is receiving attention in showing a possibility of improving a deposition rate without reducing performance of the 
deposited film by rendering a discharge frequency higher than the conventional 13.56 MHz. It is expected that this 
method will allow cost reduction and higher quality of products to be simultaneously accomplished. 
[0008] For instance, Japanese Patent Application Laid-Open No. 6-287760 (corresponding to U.S. Pat. 5,534,070) 
discloses an apparatus and a method for performing the plasma CVD using the frequency of a VHF band of which 

45 frequencies are from 30 MHz to 300 MHz or less, useable for formation of an amorphous silicon light-receiving member 
for electrophotography. 

[0009] Moreover, as an example of a combination of the above-mentioned method of using the two types of the high- 
frequency powers and the method of applying the high-frequency power of a higher frequency, Japanese Patent Ap- 
plication Laid-Open No. 7-074159 discloses the technology wherein, in a plasma processing method for cleaning the 
50 substrate, the high-frequency power of a relatively high frequency and the high-frequency power of a relatively low 
frequency (high-frequency powers of 60 MHz and 400 kHz just as an example) are supplied to the electrode for mounting 
the substrate, and a power value of the power of the relatively low frequency is changed so as to control a self-bias 
voltage for determining collision energy of a plus ion. 

[0010] In addition, Japanese Patent Application Laid-Open No. 7-321105 discloses the technology wherein, in the 
55 method for manufacturing a semiconductor device, the power supply for supplying the high-frequency power of a 
relatively high frequency in the range of 10 MHz to 1 GHz (high-frequency power of 13.56 MHz just as an example) 
and the power supply for supplying the high-frequency power of a relatively low frequency in the range of 300 kHz to 
500 kHz (high-frequency power of 400 kHz just as an example) are used to form a layer insulation film. 
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[0011] Moreover, Japanese Patent Application Laid-Open No. 9-321031 (corresponding to U.S. Pat. 5,891 ,252) dis- 
closes a plasma processing apparatus having a constitution for simultaneously applying a first high-frequency power 
of a UHF band (300 MHz to 1 GHz) and a second high-frequency power that is different therefrom by twice or more. 
[0012] The conventional methods and apparatuses as mentioned above allow good deposited film formation, that 
5 is, good vacuum processing to be performed. However, the level of the market demand for such products made using 
the vacuum processing is becoming higher day after day, and so the vacuum processing method, vacuum processing 
apparatus, semiconductor device and manufacturing method thereof capable of implementing higher quality and cost 
reduction are required in order to meet this demand. 

[0013] For Instance, in the case of an electrophotographic apparatus, the demands for an improved copying speed, 
io a higher image quality and lower prices are very strong, and in order to implement these, it is essential to improve the 
^ characteristics of photosensitive member, that is, to be more specific, changeability, sensitivity and so on, suppress 
image defects appearing as white dots or black dots on the image that are caused by a faulty structure inside the 
photosensitive member and reduce the production costs for photosensitive member. In addition, as for digital electro- 
photographic apparatuses and color electrophotographic apparatuses that are remarkably widespread in recent years, 
15 jt is required more strongly than before, as they are often used to copy photos, pictures and design drawings in addition 
to writings, to form a film of large area of which film thickness and film quality are both uniform in order to reduce an 
photomemory of the photosensitive member and also reduce image density unevenness. 

[0014] While optimization of a deposited film lamination constitution and so on are conducted aiming at improvement 
in such photosensitive member characteristics and reduction of photosensitive member production costs, improvement 
20 jn the aspect of the vacuum processing method is also strongly desired at the same time. 

[001 5] In these circumstances, the present status is that there is still a room left for improvement as to enhancement 
in vacuum processing characteristics and reduction of the vacuum processing costs in the aforementioned conventional 
vacuum processing method and semiconductor device manufacturing method. 

[0016] As already mentioned, it is possible to accomplish improvement in the vacuum processing speed and im- 
25 provement in the vacuum processing characteristics by using the high-frequency power of the frequency in the VHF 
band or in the vicinity thereof to generate plasma and perform the vacuum processing, and earnest research is con- 
ducted forthat purpose. In the case of using the high-frequency power in such a frequency band, however, a wavelength 
of the high-frequency power in a reaction container becomes as long as the reaction container, a high-frequency elec- 
trode, a substrate or a substrate holder and so on, and so the high-frequency power is apt to form a standing wave in 
30 the reaction container. This standing wave causes the power to be strong or weak at each location in the reaction 
container, thus leading to different plasma characteristics. Consequently, it was difficult to render the vacuum process- 
ing characteristics further uniform in a broad range. 

[0017] In addition, in the case of the device having a thick film thickness such as the electrophotographic photosen- 
sitive member, there were cases where the state of the plasma changes as the film was deposited so that distribution 
35 of characteristics in an in-plane direction of the substrate became different in the film thickness direction resulting in 
nonuniformity of the film quality or change of the film quality itself in the thickness direction. 

[0018] Such nonuniformity is a serious problem in the case of forming a crystalline or non-single crystalline functional 
deposited film used not only for the electrophotographic photosensitive member but also for the photovoltaic devices, 
image input line sensors, imaging devices and so on. In addition, the same processing unevenness will arise in plasma 
40 processing processes such as dry etching and sputtering in the case of rendering the discharge frequency higher, 
which will become a serious problem in practice if it remains as it is. 

[0019] Although various improvements have been made in the electrode's shape, the form of applying the high- 
frequency power and so on in order to reduce such processing unevenness and render the uniformity higher, it has 
been by no means easy to maintain compatibility between the uniformity of the film thickness and that of the film quality 

45 and to acquire the deposited film having good film quality while maintaining the uniformity of the film thickness. 

[0020] In particular, in the case of making an attempt to acquire the uniformity by a structural improvement in the 
electrode's shape and so on, as to a lamination device having a plurality of layer areas, a method that is effective in a 
specific layer area may not be sufficiently effective in another layer area, and so a handy and effective method for 
maintaining the uniformity in the case of the device having a plurality of layer areas made under different layer forming 

so conditions has been sought. 

[0021] As means for solving such problems, it is thinkable to simultaneously supply a plurality of the high-frequency 
powers of different frequencies in the reaction container. While a plurality of standing waves of different wavelengths 
according to the respective frequencies are thereby formed in the reaction container, the plurality of standing waves 
are synthesized since they are simultaneously supplied and no definite standing wave is formed as a consequence. 

55 Based on this idea, the effect of suppressing the standing waves can be obtained with different frequencies of a plurality 
of high-frequency powers irrespective of their values. For instance, it is thinkable that use of the technology disclosed 
by Japanese Patent Application Laid-Open No. 60-160620 will suppress the standing waves of the high-frequency 
powers in the reaction container so as to improve the uniformity of the vacuum processing. 
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[0022] However, as a result of conducting an experiment on the uniformity of the vacuum processing characteristics 
by using the technology disclosed by Japanese Patent Application Laid-Open No. 60-160620, the inventors hereof 
could certainly improve the uniformity to a certain level but could not acquire the uniformity level that is required in 
recent years. To be more specific, it became evident that, even by using a power supply method that is rendered uniform 
5 in terms of field strength, the nonuniformity remains to a certain extent in the actual vacuum processing. 



SUMMARY OF THE INVENTION 



[0023] An object of the present invention is to provide a vacuum processing method and a vacuum processing ap- 
10 paratus wherein improvement in a vacuum processing speed and improvement in vacuum processing characteristics 
are accomplished, and in addition, uniformity of the vacuum processing characteristics is rendered very high-level and 
vacuum processing costs can be reduced. 

[0024] Another object of the present invention is to provide a semiconductor having good characteristics of which 
film thickness and film quality are both uniform on a surface of and in any direction of a substrate and also provide a 

15 manufacturing method thereof. 

[0025] According to an aspect of the present invention, there is provided a vacuum processing method comprising 
placing an article to be processed in a reaction container and simultaneously supplying at least two high-frequency 
powers having mutually different frequencies to the same high-frequency electrode to have plasma generated in said 
reaction container by the high-frequency powers introduced into said reaction container from the high-frequency elec- 

20 trode, thereby processing said article, wherein, when the frequency of one of the at least two high-frequency powers 
to be supplied to said high-frequency electrode is f1 and its power value is P1, and the frequency of the other high- 
frequency power is f2 and its power value is P2, said frequencies f 1 , f2 and said power values P1 , P2 satisfy ail the 
following three conditions (a) to (c): 

25 (a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by the 
high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to said high- 
frequency electrode; and 

(c) 0.9>P2/(P1 + P2)>0.1. 

30 

[0026] According to another aspect of the present invention, there is provided a method for manufacturing a semi- 
conductor device comprising placing a substrate in a reaction container, and simultaneously supplying at least two 
high-frequency powers having mutually different frequencies to the same high-frequency electrode to have plasma 
generated in said reaction container by the high-frequency powers introduced into said reaction container from the 
35 high-frequency electrode, thereby forming a plurality of layers on the substrate, wherein, when a frequency of one of 
the at least two high-frequency powers to be supplied to said high-frequency electrode is f1 and its power value is P1 , 
and the frequency of the other high-frequency power is f2 and its power value is P2, said frequencies f1 , f2 and said 
power values P1 , P2 satisfy ail the following three conditions (a) to (c): 



40 (a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by the 
high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to said high- 
frequency electrode; and 

(c) 0.9 > P2/(P1 + P2)> 0.1. 

45 

[0027] According to a further aspect of the present invention, there is provided a semiconductor device comprising 
a plurality of layers on a substrate, said plurality of layers being formed by placing the substrate in a reaction container 
and simultaneously supplying at least two high-frequency powers having mutually different frequencies to the same 
high-frequency electrode to have plasma generated in said reaction container by the high-frequency powers introduced 
50 into said reaction container from the high-frequency electrode, wherein, when the frequency of one of the at least two 
high-frequency power to be supplied to said high-frequency electrode is f 1 and its power value is P1 , and the frequency 
of the other high-frequency power is f2 and its power value is P2, said plurality of layers formed with said frequencies 
f 1 , f2 and said power values P1 , P2 satisfy all the following three conditions (a) to (c): 



55 (a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by the 
high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to said high- 
frequency electrode; and 
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(c) 0.9 > P2/(P1 + P2)>0.1. 

[0028] According to still another aspect of the present invention, there is provided a vacuum processing method 
comprises placing an article to be processed in a reaction container and simultaneously supplying at least two high- 

5 frequency powers having mutually different frequencies to the same high-frequency electrode to have plasma gener- 
ated in said reaction container by the high-frequency powers introduced into said reaction container from the high- 
frequency electrode : thereby processing said article, wherein the method includes a step of synthesizing the high- 
frequency powers to be supplied to said electrode and a step of branching said synthesized high-frequency powers to 
apply them to a plurality of said electrodes respectively. 

10 [0029] According to a still further aspect of the present invention, there is provided a vacuum processing apparatus 
comprising a reaction container capable of being evacuated and a means for supporting an article to be processed 
disposed in said reaction container, said article being processed by making use of high-frequency powers to generate 
plasma in said reaction container, wherein the apparatus has: 

*5 at least one high-frequency power supplying means for supplying at least two high-frequency powers having mu- 

tually different frequencies; 

an impedance matching means for adjusting impedances of transmission routes of said high-frequency powers; 
a synthesis means for synthesizing said high-frequency powers having mutually different frequencies; 
a branching means for branching the high-frequency powers synthesized by said synthesis means; and 
20 a plurality of high-frequency electrodes to which the high-frequency powers branched by said branching means 

are applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0030] 

FIGS. 1 A, 1 B and 1 C are block diagrams showing a high-frequency power supply applicable to a vacuum process- 
ing method of the present invention; 

FIG. 2 is a schematic diagram showing an embodiment of a plasma processing apparatus capable of performing 
30 the vacuum processing method of the present invention; 

FIG. 3 is a schematic diagram showing another embodiment of the plasma processing apparatus capable of per- 
forming the vacuum processing method of the present invention; 

FIG. 4 is a graph showing a degree of unevenness of a deposited film in the long length direction according to the 
exemplary experiment 1 of the present invention; 
35 FIG. 5 is a graph showing relative values of deposition rate with reference to the deposition rate in the case where 

a frequency f 1 of a first high-frequency power is 1 0 MHz (f2 is 6 MHz) in the exemplary experiment 2 of the present 
invention; 

FIG. 6 is a graph showing the degree of unevenness of the deposited film in the long length direction according 
to the exemplary experiment 2 of the present invention; 
40 FIG. 7 is a graph showing the degree of unevenness of the deposited film in the long length direction according 

to the exemplary experiment 3 of the present invention; 

FIGS. 8A, 8B and 8C are schematic diagrams for describing the layer constitution of an electrophotographic pho- 
tosensitive member created by the present invention; 

FIG. 9 is a schematic diagram for describing the layer constitution of a photovoltaic element created by the present 
45 invention; 

FIGS. 10A and 10B are schematic diagrams describing an apparatus of manufacturing electrophotographic light- 
receiving members using a plasma CVD method that is an example of a vacuum processing apparatus of the 
present invention; 

FIGS. 11 A and 11 B are schematic diagrams describing an apparatus of manufacturing the electrophotographic 
50 light-receiving members using the plasma CVD method that is another example of the vacuum processing appa- 

ratus of the present invention; 

FIGS. 12A and 12B are schematic diagrams describing an apparatus of manufacturing the electrophotographic 
light-receiving members using the plasma CVD method that is a further example of the vacuum processing appa- 
ratus of the present invention; 

55 FIGS. 13A and 13B are schematic diagrams describing an apparatus of manufacturing electrophotographic pho- 

tosensitive members using the plasma CVD method that is a still further example of the vacuum processing ap- 
paratus of the present invention; 

FIGS. 14A and 14B are schematic diagrams describing an apparatus of manufacturing the electrophotographic 
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photosensitive members using the plasma CVD method that is a still further example of the vacuum processing 
apparatus of the present invention. Moreover, FIG. 14B is a cross-sectional view of the apparatus taken in the line 
14B-14B; and 

FIGS. 15A and 15B are schematic diagrams describing an apparatus of manufacturing the electrophotographic 
5 light-receiving members using the plasma CVD method that is the vacuum processing apparatus of the present 

invention. Moreover, FIG. 15B is a cross-sectional view of the apparatus taken in the line 15B-15B. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

10 [0031 ] As a result of earnestly reviewing the aforementioned problems in the conventional apparatuses and methods, 
the inventors have found out that, in a VHF band and high frequencies in the neighborhood thereof, plasma distribution 
is sensitive to an electrode size and a discharge condition, and a wavelength of a high frequency power in a reaction 
container becomes approximately as long as the reaction container, a high-frequency electrode, a substrate or a sub- 
strate holder, and so influence of a standing wave appears and distribution of plasma characteristics is apt to become 

15 no longer uniform resulting in occurrence of processing unevenness. 

[0032] Moreover, in the case of generating the plasma by using the high frequency of the VHF band, the problem of 
a surface impedance of the electrode arising from a skin effect also becomes conspicuous. To be more specific, if the 
frequency becomes high as in the VHF band, a high-frequency current only flows near a conductor surface so that the 
Joule loss on the electrode surface increases resulting in lower power efficiency and occurrence of the problem of 

20 nonuniformity of plasma density due to a difference in lengths of propagation routes. Furthermore, as the surface 
impedance of the electrode is sensitive to roughness and contamination of the electrode surface, it is difficult to attain 
the uniform surface impedance. And it was found out that the above nonuniformity of plasma density causes the non- 
uniformity of surface processing. 

[0033] As a result of conducting further review to solve the aforementioned problems and attain the above objects, 
25 the inventors hereof have found out that the effects of rendering vacuum processing uniform are remarkably changed 
by supplying a plurality of high-frequency powers of different frequencies to the same electrode and changing the 
relation between those frequencies and power values. And they have found out that, by making those frequencies and 
power values to have values within a predetermined range, it is possible to simultaneously implement improvement in 
a vacuum processing speed, improvement in vacuum processing characteristics, improvement in uniformity of the 
30 vacuum processing characteristics, improvement in stability of the vacuum processing characteristics and reduction 
of vacuum processing costs, which finding led to completion of the present invention. 

[0034] According to the vacuum processing method constructed as in the present invention, it is possible, while 
keeping a high vacuum processing speed, to implement the improvement in the vacuum processing characteristics, 
the improvement in the stability of the vacuum processing characteristics and the reduction of the vacuum processing 
35 costs, and at the same time, to remarkably improve the uniformity of the vacuum processing characteristics. 

[0035] Although a mechanism allowing the above effects to be remarkably obtained when the frequencies and the 
power values are within the range of the present invention is not clear at the current stage, it presumably has the 
following workings. 

[0036] As previously mentioned, a deposited film of high quality can be formed at a high speed by using the high- 
40 frequency power of a higher frequency. In the case of using the high-frequency power of the higher frequency, however, 
there are the cases where "unevenness" occurs in the quality of the deposited film due to the influence of the standing 
- wave generated thereby. As opposed to this, it is thinkable that occurrence of a "node" in the generated standing wave 
is suppressed because a portion equivalent to the "node" of the standing wave due to the high-frequency power of one 
frequency can have an amplitude of the standing wave due to the high-frequency power of the other frequency by 
45 superimposing on a first high-frequency power that is a reference a second high-frequency power of a different fre- 
quency therefrom. 

[0037] However, this is applicable to the case of a very simple model, and it is needless to say that complicated 
phenomena occur in reality. For instance, there are factors such as a state of plasma, attenuation of electromagnetic 
waves and reflections on various reflecting surfaces. For that reason, this suppressing effect cannot necessarily be 

50 obtained just by superimposing the high-frequency powers of arbitrary frequencies at an arbitrary ratio. To be more 
specific, the standing wave suppressing effect appears remarkably in the case where the first high-frequency power 
of a predetermined frequency is combined with the second high-frequency power of a fixed range of frequencies at a 
predetermined power value ratio. At that time, it is most desirable that the first and second high-frequency powers in 
particular have frequencies within a frequency range capable of expecting a high deposition rate and also within the 

55 frequency range in a relation capable of generating the same active species together, and a balance of those power 
values are adequately set. 

[0038] And it is possible, by further superimposing further high-frequency powers having appropriate frequencies 
and power values, to further enhance the standing wave suppressing effect and obtain other effects (a bias effect for 
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instance) as the case may be. 

[0039] Here, the case of using two high-frequency powers having different frequencies will be described for the 
purpose of showing the basic idea and workings of the present invention. 

[0040] It is desirable that the frequency of the high-frequency power should be 1 0 MHz or more, and preferably 30 
s MHz or more as the minimum from the viewpoint of improving a deposition rate. On the other hand, it is desirable that 
the frequency of the high-frequency power should be 250 MHz as the maximum from the viewpoint of effectively ob- 
taining a mutual superimposing effect of the high-frequency powers because, if it is higher than 250 MHz, the attenuation 
of the power in the traveling direction becomes conspicuous so that a deviation of an attenuation rate from the high- 
frequency power of different frequency becomes remarkable and sufficient uniformity effects cannot be obtained. 
10 [0041] To be more specific, it is desirable to have a constitution wherein the above described frequencies f1 and f2 
satisfy the condition: 



15 



30 



50 



250 MHz > f1 > f2 > 30 MHz. 



[0042] In addition, when the power value of the first high-frequency power having the frequency f 1 is P1 and that of 
the second high-frequency power having the frequency f2 is P2, the standing wave suppressing effect becomes low, 
that is, close to the case of supplying only the first high-frequency power when the ratio of the power value P2 of the 
second high-frequency power to the total power value (P1 + P2) is low. Inversely, if the ratio of the power value P2 

20 becomes too high, the standing wave suppressing effect becomes low likewise, that is, close to the case of supplying 
only the second high-frequency power. It has been found out from an experimental fact that the standing wave sup- 
pressing effect can be remarkably obtained by making the ratio of the power value P2 of the high-frequency power in 
the total power (P1 + P2) 10 percent to 90 percent. Furthermore, it has turned out as a result of the experiment that it 
is most desirable to make the ratio of the power value P2 in the total power (P1 + P2) 20 percent to 70 percent. 

25 [0043] To be more specific, it is preferable to have a constitution wherein the above described power values P1 and 
P2 satisfy the condition: 



0.7 > P2/(P1 + P2) > 0.2. 



[0044] In addition, as for the ratio between the power values of these two high-frequency powers, it has been found 
out that, seen from another viewpoint, that is, a viewpoint of stability of the discharge over time, there is a desirable 
range to be determined by the relation between the frequencies of the two high-frequency powers, which more spe- 
cifically means that a power ratio, P2/(P1 + P2) has an upper limit of its desirable range determined by the value of 
35 the frequency ratio (f2/f1 ). It is possible to obtain a uniform discharge quite stably by setting the power ratio within this 
range. - 

[0045] The reason for this is presumably as follows. 

[0046] In the case of the discharge caused by the high-frequency power, a spatial area in which the stable discharge 
is generated may be different according to the frequency. In the case of suppressing the standing wave by using two 

40 high-frequency powers as with the present invention, it is presumably possible to obtain desirable discharge distribution 
stably in a wide range of power values since the closer the mutual frequencies are, the more similarthe entire discharge 
distribution is. Thus, it is thinkable that the uniform discharge distribution is stably obtained by making the power ratio 
of the power value P2 of the high-frequency power in the total power (P1 + P2), that is, P2/(P1 + P2) within the range 
equal to or lower than the value "f2/f1 " determined by the relation between the two frequencies fl and f2. 

45 [0047] To be more specific, it is preferable to have a constitution wherein the above described frequencies f 1 , f2 and 
the above described power values P1 , P2 satisfy the condition: 



f2/f1 > P2/(P1 + P2). 



[0048] Moreover, if the frequencies f 1 and f2 are largely different by one digit or more, the method of decomposing 
material gases may change as the case may be, resulting in different types and ratios of the generated active species. 
For this reason, there are the cases where, even though uniformity in terms of field strength is implemented, an antinode 
portion of the standing wave of the first high-frequency power generates active species of the type and ratio according 
55 to its frequency generated and the antinode portion of the standing wave of the second high-frequency power generates 
the active species of the different type and ratio from those of the antinode portion of the standing wave of the first 
high-frequency power. Consequently, it is thinkable that there are the cases where spatial distribution arises as to the 
types and ratios of the active species so that nonuniformity in the vacuum processing characteristics occurs in the 
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worst case. As opposed to this, it is presumably possible to decrease such differences in the types and ratios of the 
generated active species due to frequency differences by maintaining the frequencies f1 and f2 in the relation of f2/f1 
> 0.5. On the other hand, if f1 and f2 are too close, the node and antinode positions of the respective standing waves 
become close, and so a sufficient electric field standing wave suppressing effect can no longer be obtained. For that 
5 reason, it is presumably required to maintain the frequencies f 1 and f2 in the relation of 0.9 > f2/f1 . 

[0049] To be more specific, it is desirable to have the constitution wherein the above described frequencies f 1 and 
f2 satisfy the condition: 

1Q 0.9>f2/f1 >0.5. 

[0050] In the present invention, it is necessary to perform such introduction of the high-frequency power into a vacuum 
processing container from the same electrode. In the case of supplying the high-frequency powers of different frequen- 
cies from different electrodes respectively, there will arise on each electrode the standing wave of the wavelength 

15 dependent on the frequency of the high-frequency power supplied to each electrode. Consequently, the characteristics 
of the plasma generated in the neighborhood of the electrode have a shape according to this standing wave so that 
the structure of the film adhered onto the electrode becomes different depending on the position on the electrode since 
the types and ratios of the generated active species and energy of ions incident on the electrode are different depending 
on the locations. For this reason, there arises an easily peeled-off portion of the film structure on the electrode, or an 

20 area where the film structure locationally changes arises and differences in internal stresses in the area arise so that 
there will be the easily peeled-off portion of the adhered film and the peeled film will adhere on the article to be processed 
resulting in formation of defects. To avoid such problems, the present invention is required to supply a plurality of the 
high-frequency powers of different frequencies to the same electrode. Thus, the standing wave is also suppressed on 
the electrode, and the above-mentioned problem is effectively suppressed. 

25 [0051 ] While the effects of the present invention are sufficiently obtained by combining the two high-frequency powers 
as above, it is possible to further combine a third high-frequency power. As for the range of the third high-frequency 
power, there is no limitation as far as the first and second high-frequency powers are set within the appropriate ranges. 
[0052] When the frequency of the third high-frequency power is f3 and its power value is P3, the same workings and 
effects as in the case of combining the first high-frequency power (f 1 , P1 ) and the second high-frequency power (f2, 

30 P2) can be expected if f3 is within the range of 1 0 MHz to 250 MHz. At this time, if the one with the highest power value 
among P1 to P3 is P1 and the one with the next highest value is P2, then P3 is the one with the lowest power value. 
In this case, mismatching due to the third high-frequency power hardly occurs and the standing wave suppressing 
effect by the third high-frequency power is added, and so there are the cases where the "un evenness" is suppressed 
further than the case of combining the first and second high-frequency powers. Forthat reason, it is desirable to combine 

35 the further high-frequency power as described above. 

[0053] In addition, for instance, it is also feasible to simultaneously supply the power of frequency in several tens of 
kHz to several hundreds of kHz or so in addition to the high-frequency power within the range of the present invention 
in order to enhance the bias effect during the vacuum processing. Thus : when supplying the further power, it should 
be the power to the extent of not spoiling the uniformity of the vacuum processing characteristics when added. 

40 [0054] Furthermore, in the present invention, the above described electrode may be formed in a rod-like shape. In 
the case where the shape of the electrode is the rod-like shape capable of being handled substantially as one dimension , 
it is possible to acquire the effects of the present invention more remarkably since the power is not substantially dif- 
fracted laterally to the direction of travel so that no secondary standing wave occurs due to the lateral diffraction of the 
power. 

45 [0055] Moreover, in the present invention, the above described article to be processed may be formed in a cylindrical 
or columnar shape. In the case where the article to be processed is formed in a cylindrical or columnar shape, reflection 
ends of the high-frequency power on the article to be processed are limited to both ends thereof. For that reason, the 
distribution of the standing waves becomes relatively simple compared with the case where many standing waves 
occur due to many reflection ends, so that it is possible to acquire the effects of the present invention further remarkably. 

50 [0056] Furthermore, according to the present invention., it is possible to acquire remarkable effects especially in the 
case of forming a deposited film on the surface of the above described article to be processed. According to the present 
invention, as the electric field distribution in the entire areas in the reaction container including those on the electrodes 
is rendered uniform, local changes of the film structure is effectively suppressed in the entire areas of the parts where 
film adhesion is caused. For instance, if there is electric field unevenness, it may happen that the film structure changes 

55 in the uneven portion and the internal stresses in the portion change to induce peeling. However, it becomes possible, 
by the method of the present invention, to effectively suppress the film peeling and reduce a structural fault on the 
article to be processed caused by adhesion of the peeled dust thereon. Accordingly, the yield is improved and cost 
reduction becomes possible. The effect of suppressing the structural fault is especially significant in a deposited film 
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application field that requires large area. 

[0057] Moreover, the present invention is more effective in the case of forming a deposited film for electrophoto- 
graphic photosensitive members on the surface of the above described article to be processed. To form the electro- 
photographic photosensitive members, it is necessary to form a deposited film of large area, and it is further necessary 
that no structural fault exist in the entire area thereof. On the other hand, as formation of the deposited film having a 
thickness of several tens of jam is generally performed in formation of the electrophotographic photosensitive members, 
the film adhesion on the wall of the reaction container occurs in a large amount and the film adhered to the wall is apt 
to be peeled. Furthermore, it is not possible for the electrophotographic photosensitive members, in the case where 
the structural fault occurs, to handle only the portion in which the fault exists as faulty and handle other areas as 
conforming as other devices do, so that the entire of the deposited film formed over the large area becomes faulty. For 
this reason, an occurrence of the structural fault influences the costs very significantly in the formation of the deposited 
film for the electrophotographic photosensitive members, and so it is very effective for reducing the production costs 
to effectively suppress the structural fault by applying the present invention. 

[0058] Furthermore, in the case of the device wherein the deposited film of which film thickness is thick is formed 
such as the electrophotographic photosensitive member, an optimum condition for keeping the uniformity of the plasma 
changes as the processing progresses due to the factors such as formation of deposited film on the substrate and 
deposition of the film on inner walls of the reaction container and on the surface of the electrode, so that the state of 
the distribution of the characteristics in the in-plane direction of the substrate may be different according to the direction 
of thickness thereof as the film is deposited. 

[0059] And in the case of the lamination device having a plurality of layer areas formed, as a function required for 
each layer area is different, each layer area has a different composition so that the optimum condition of the power 
ratio of high-frequency power to acheive both the uniformity and good film quality may be different in each layer area. 
[0060] Therefore, it is possible to deal with the change of the optimum power ratio due to the progress of the plasma 
processing and obtain the uniformity of the film quality in the film thickness direction by, as in the present invention, 
changing the power ratio of the high-frequency powers to be supplied and adjusting the distribution of the high-fre- 
quency power propagating on the electrode surface. In addition, it is possible to attain the uniform film quality since 
the present invention can deal with even the case where the films to be deposited have different compositions. 
[0061] In addition, while the constitution of the present invention has a remarkable effect not only on the electropho- 
tographic photosensitive member but also on a large-size substrate such as the one for a photovoltaic element, it has 
a remarkable effect in the case where, even if the substrate is not large, a high frequency of the wavelength that is 
relatively short compared to the size of the high-frequency electrode is used. 

[0062] The present invention is also applicable to formation of the thin film comprised of a-Si or a-SiC materials and 
other materials, etching of polysilicon and so on, and surface modification such as surface oxidation and surface ni- 
triding and so on. For instance, in the case of applying the method of the present invention to the etching, uniform 
etching processing progresses with the uniform plasma, and so the etching of good quality without shaving the foun- 
dation material or leaving the material to be etched becomes possible. 

[0063] Moreover, in order to form the deposited film uniformly and efficiently, it is thinkable to increase a flow rate of 
the material gases and increase the high-frequency power to be supplied to the high-frequency electrode. In such 
cases, however, the normal discharge may not be maintained depending on the frequency. Therefore, it is possible, 
by synthesizing once a plurality of high-frequency powers of different frequencies and then branching them to apply 
them to a plurality of plasma generation electrodes as in the present invention, to increase the total power value intro- 
duced into the reaction container even if the power value applied to each plasma generation electrode is approximately 
the value for maintaining the normal discharge. It becomes thereby possible, to further improve the deposited film 
formation speed and the film quality in a state of maintaining the sufficient standing wave suppressing effect. 
[0064] In addition, the present invention is desirable since it is possible to obtain a more remarkable standing wave 
suppressing effect by branching the high-frequency powers and then applying them to a plurality of plasma generation 
high-frequency electrodes via an auxiliary matching circuit for adjusting the impedance of the transmission route of 
each high-frequency power disposed on a feeding side of each of the plurality of plasma generation high-frequency 
electrodes. While the cause thereof is not certain, it is presumably for the following reason on the whole. 
[0065] In the case of synthesizing once the plurality of high-frequency powers of different frequencies and then 
dividing and applying them to the plurality of electrodes, it is thinkable that the transmission route between a junction 
of the high-frequency powers and each electrode inevitably becomes longer and the attenuation of the high-frequency 
power due to an L component during that time becomes more significant. Consequently, it is thinkable that there are 
the cases where the influence of the deviation of the attenuation rate becomes remarkable since the attenuation rate 
of the high-frequency power is different according to the frequency, not allowing a sufficient standing wave suppressing 
effect to be obtained. It is presumably possible, however, to cancel the L component by disposing the auxiliary matching 
circuit on each feeding point side of the high-frequency power, so that a more remarkable standing wave suppressing 
effect can be obtained. 
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[0066] Moreover, as for the auxiliary matching circuit to be used for the present invention, an impedance-variable 
LC circuit can be used while performing phase adjustment as appropriate, or a capacitor of a fixed capacity can also 
be used. It is desirable, however, to use the constitution wherein only the capacitor of a fixed capacity is disposed 
considering it from the viewpoint of the apparatus operability and costs. 

5 [0067] In addition, according to the present invention, it is possible to obtain a more remarkable effect by disposing 
the plurality of plasma generation high-frequency electrodes on the same circumference. The reason is presumably 
that, as a distance from the junction of the high-frequency powers to each high-frequency electrode can be rendered 
as equal as possible by disposing the plasma generation high-frequency electrodes on the same circumference, the 
effect of the present invention such as branching the powers not by leaning to a specific electrode and increasing the 

10 total power without generating an abnormal discharge can be rendered remarkable. 

[0068] Moreover, it is preferable, with a view to rendering contribution of each electrode to plasma uniform, that the 
reaction container is cylindrical and each of the plasma generation high-frequency electrodes is equidistantly disposed 
on the same circumference with the same central axis as the reaction container. 

[0069] In addition, according to the present invention, it is possible to obtain a more remarkable effect by placing the 

is plurality of plasma generation high-frequency electrodes outside the reaction container at least a part of which is com- 
prised of a dielectric material. While the cause thereof is not certain, it is presumably for the following reason. 
[0070] In the case where there are the plurality of plasma generation high-frequency electrodes in the reaction con- 
tainer, there inevitably exist conductive members in vacuum processing space of a certain electrode, such as other 
electrodes and the reaction container outer walls to be earth shields in addition to the substrate. For that reason, it is 

20 thinkable that, in the case of applying the plurality of high-frequency powers of different frequencies to the electrode, 
the plasma spreads differently in the reaction container due to the different frequencies of the high-frequency powers 
so that spatial unevenness may arise to the plasma. Thus, it is thinkable that the sufficient standing wave suppressing 
effect cannot be obtained. It is presumably possible, however, to decrease the conductive members in the vacuum 
processing space as many as possible by placing the high-frequency electrodes outside the reaction container, anoL 

25 consequently to obtain the remarkable effect without causing any spatial unevenness of the plasma. 

[0071] Moreover, according to the present invention, it is possible to place a plurality of substrate supporting means 
in the aspect of productivity. In the case of placing the plurality of substrate supporting means : however, it is=possible 
to obtain a more remarkable effect by rendering the reaction container cylindrical and having each plasma generation 
high-frequency electrode and each substrate supporting means equidistantly disposed on the same circumference 

30 with the same central axis as the reaction container respectively. This is presumably because the same standing wave 
suppressing effect can be obtained on each substrate supporting means by rendering a positional relation among the 
substrate supporting means, the reaction container and the plasma generation high-frequency electrode as symmet- 
rical as possible. 

[0072] In addition, according to the present invention, as the electric field distribution in the entire areas in the reaction 
35 container including those on the electrodes is rendered uniform, it is no longer necessary to adopt an approach of 
having the material gases distributed to compensate for the nonuniformity of the electric field distribution in the reaction 
container as in the conventional techniques, so that it is possible to decrease the number of material gas introducing 
means to a minimum. Accordingly, it is preferable that the number of the means for introducing the gases into the 
reaction container should be one in consideration of the apparatus costs and operability. In the case of having just one 
40 gas introducing means, however, it is preferable to dispose the gas introducing means at the center of the reaction 
container since a more remarkable effect of the present invention can be obtained by rendering the positional relation 
among the gas distribution in the reaction container, the substrate supporting means, the reaction container and the 
plasma generation high-frequency electrode as symmetrical as possible. 

[0073] Next, embodiments of the present invention will be described by referring to the drawings. 
45 [0074] FIGS. 1 A, 1 B and 1 C are block diagrams showing the high-frequency power supply applicable to the vacuum 
processing method of the present invention. 

[0075] The high-frequency power supply used in the present invention supplies two high-frequency powers of differ- 
ent frequencies, and it can have the constitution shown in FIG. 1 A for instance. 

[0076] In the example shown in FIG. 1 A, a first high-frequency power supply 321 is comprised of a signal generator 
50 301 and an amplifier 311 . In addition, a second high-frequency power supply 322 is comprised of a signal generator 
302 and an amplifier 312 likewise. These high-frequency power supplies 321 and 322 are connected to a matching 
box 341 . The matching box 341 may have the constitution having different matching circuits to individually match the 
high-frequency powers supplied from these high-frequency power supplies, or the matching circuit may be placed after 
synthesizing them. It is also feasible to place filters 331 and 332 between the high-frequency power supplies 321 , 322 
55 and the matching box 341 respectively in order to prevent diffraction of the high-frequency power from the other power 
supply to each power supply. Low-pass filters, high-pass filters or band-pass filters may be used for filters 331 and 
332 according to the relation of the power supply frequencies. 

[0077] Moreover, it may have the constitution shown in FIG. 1 B as another constitution. 
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[0078] In the example shown in FIG. 1B, the high-frequency power supply 321 has the constitution wherein it is 
possible to obtain a synthetic wave having superimposed two high-frequency powers in advance by synthesizing and 
amplifying the signal generator 301 for generating the first high-frequency power and the signal generator 302 for 
generating the second high-frequency power in the broad band-capable amplifier 311 . Here, it is possible to obtain a 

5 desired power ratio by adjusting output amplitude of the signal generators 301 and 302. The synthetic wave of the two 
high-frequency powers having the desired power ratio is generated thereafter by synthesizing these high-frequency 
powers in the amplifier 31 1 . At this time, it is desirable that the amplifier 311 can amplify the two high-frequency powers 
without distortion, and thus it needs to be the amplifier capable of a broad band. In addition, as the generated high- 
frequency powers are those having two different frequencies synthesized, the matching box 341 needs to have its 

10 matching circuit adjusted accordingly. Moreover, it is also feasible to place the filter 331 between the high-frequency 
power supply 321 and the matching box 341 . 

[0079] Moreover, in the case of using three high-frequency powers of mutually different frequencies, it can have the 
constitution as shown in FIG. 1 C. 

[0080] In the example shown in FIG. 1C, the high-frequency power supply 323 comprised of the signal generator 
is 303 and the amplifier 313 is further added to the constitution shown in FIG. 1A. It is feasible, as in the constitution 
shown in FIG. 1 A, to insert a filter 333 between the high-frequency power supply 323 and the matching box 341 as 
appropriate. 

[0081] In addition, in the case of further synthesizing a plurality of the high-frequency powers, it is feasible to extend 
it at any time in the constitution as shown in FIG. 1 C, or have the constitution shown in FIG. 1 B or have the constitution 
20 that is a combination of them. Moreover, while FIGS. 1 A to 1C do not show an internal structure of the matching box 
341 , the matching box 341 may be placed in a single shield case, or it may be divided to be independent by the high- 
frequency power of each frequency. 

[0082] FIG. 2 is a schematic diagram showing an embodiment of the plasma processing apparatus capable of per- 
forming the vacuum processing method of the present invention. 1 
25 [0083] The plasma processing apparatus shown in FIG. 2 is an apparatus for forming a deposited film on a flat 
substrate 2113, and is comprised of, if roughly divided, a deposition apparatus 2100, a material gas supply apparatus 
2200 and the exhauster (not shown) for reducing pressure in a reaction container 2111 . 

[0084] An exhaust pipe 2112 is integrally formed on a side of the reaction container 2111 , and the other end of the 
exhaust pipe 2112 is connected to the exhauster that is not shown. The flat substrate 2113 on which top face the 
30 deposited film is to be formed is disposed in the reaction container 2111. The flat substrate 21 1 3 is held by a substrate 
stage 2120 and heated by a heating element 2120a provided in the substrate stage 2120. 

[0085] The material gas supplying apparatus 2200 is comprised of gas cylinders 2221 to 2225 of the material gases 
required for desired vacuum processing of SiH 4 , H 2 , CH 4: B 2 H 6 and PH 3 and so on, header valves 2231 to 2235, gas 
inflow valves 2241 to 2245, gas outflow valves 2251 to 2255, pressure regulators 2261 to 2265 and massf low controllers 

35 221 1 to 2215, where each material gas cylinder is connected to a material gas supply means 211 8 for introducing the 
gases into the reaction container 2111 via a material gas piping 2119 having a supplementary valve 2260. 
[0086] The apparatus shown in FIG. 2 uses two high-frequency power supplies 2116 and 2117 in order to supply 
high-frequency powers of mutually different frequencies. The high-frequency powers supplied from the high-frequency 
power supplies 2116 and 2117 are synthesized in the matching box 2115 by passing the respective matching circuits, 

40 and are supplied into the reaction container 21 1 1 from a high-frequency power electrode 21 1 4. In the constitution shown 
in FIG. 2, the substrate 2113 maintained at an earth potential through a substrate stage 2120 acts as the other high- 
frequency power electrode. Moreover, the constitution from the high-frequency power supply to the matching box may 
use another constitution as shown in FIG. 1A to 1C, or it may have the constitution connected to even more high- 
frequency power supplies. 

45 [0087] For instance, when the high-frequency power supply 2116 is the first high-frequency power supply for sup- 
plying the first high-frequency power (frequency f 1 , power value P1 ) and the high-frequency power supply 21 1 7 is the 
second high-frequency power supply for supplying the second high-frequency power (frequency f2, power value P2), 
the power supplies capable of rendering the relation of the respective oscillation frequencies as follows are used for 
the high-frequency power supplies 2116 and 2117: 



50 



10MHz<f2<f1 <250 MHz 



55 0.1 < P2/(P1 + P2) < 0.9 

[0088] The sum P (=P1 +- P2) of the power values of the two high-frequency power supplies may be any value. In 
the normal vacuum processing, however, when the total flow rate of the gases supplied into the reaction container 1111 



12 



BNSDOCID: <EP 1215710A2J_> 



EP1 215 710 A2 



is F, the power value per unit flow rate, P/F should preferably be 6 to 6,000J/ml (normal), and more preferably 12 to 
3,000J/ml (normal), and optimally 60 to 1 ,800J/ml (normal). If this P/F is too low, it is thinkable that the electric power 
per unit gas flow rate is too low for decomposition /to proceed well. Therefore, there is a possibility that the desired 
vacuum processing is not performed unless the P/F is higher than a certain level. On the other hand, if the P/F is 
5 excessively high beyond that level, the electric power per unit gas flow rate is too high and the decomposition proceeds 
overly further than desired active species so that the desired active species decreases inversely or the substrate is 
damaged by rendering electron temperature and gas temperature excessive. 

[0089] In addition, it is possible to provide to the first high-frequency power supply 2116 the high-pass filter having 
a cut-off frequency characteristic that is lower than the frequency f1 and higher than the frequency f2. Also, it is possible 
10 likewise to provide to the second high-frequency power supply 2117 the low-pass filter having a cut-off frequency 
characteristic that is higher than the frequency f2 and lower than the frequency f 1 . As for such frequency selectivity, 
" the higher it is, the more desirable it is, since it becomes possible to render the other power that diffracts to each high- 
frequency power supply low. 

[0090] In addition, it is possible, with the constitution shown in FIG. 1 B, to generate the high-frequency power sat- 
is isfying the conditions of the present invention by amplifying the output of a plurality of signal generators with the broad 
band amplifier. 

[0091] In addition, it is preferable that the frequencies f 1 and f2 should satisfy the following range since, for instance, 
the deposition rate becomes remarkably fast in the case of forming the deposited film: 

20 

30 MHz < f2 < f1 < 250 MHz 
[0092] In addition, it is desirable that the power values P1 and P2 should satisfy the following range: 

25 

0.2 < P2/ (P1 + P2) < 0.7 

[0093] Furthermore, it is possible to improve stability of the discharge by setting the upper limit of the power ratio at 
f2/f 1 . 

30 [0094] In addition, it is possible to obtain a higher standing wave suppressing effect by setting the frequencies 11 
and f2 within the following range: 

0.5<f2/f1 <0.9 

35 

[0095] There is no particular limitation on the shape of the high-frequency power electrode 2114, and either flat or 
rod-iike shape that is square or circular is applicable. In particular, in the case where the high-frequency electrode is 
rod-like, it is not necessary to consider a horizontal two-dimensional standing wave of the high-frequency power in the 
reaction container 2111 , and so the effects of the present invention can be efficiently obtained. 
40 [0096] It is desirable that the surface of the high-frequency power electrode 21 1 4 is roughened for the purposes of 
improving adhesiveness of the film, preventing fiim peeling and suppressing the dust in the formed film. As for the 
concrete degree of roughening, it should desirably be in the range from 5 am to 200 am in 1 0-point average roughness 
(Rz) with reference to 2.5 mm. 

[0097] Furthermore, it is effective to have the surface of the high-frequency electrode 2114 covered or coated with 
45 the ceramic material from the viewpoint of improving the film adhesiveness. While there is no particular limitation as 
to the concrete means of coating, the surface of the high-frequency electrode 2114 may be coated by a surface coating 
method such as the CVD method or thermal spraying, for instance. Of the coating methods, the thermal spraying is 
preferable in terms of the costs and since it is hardly limited as to the size and shape of the object to be coated. As for 
concrete ceramic materials, alumina, titanium dioxide, aluminum nitride, boron nitride, zircon, cordierite, zircon cordier- 
50 ite, silicon oxide, beryllium oxide mica ceramics and so on can be named. While there is no particular limitation on the 
thickness of the ceramic material for coating the surface of the high-frequency electrode 2114, the thickness of 1 am 
to 1 0 mm is preferable, and 1 0 am to 5 mm is more preferable for the sake of increasing durability and uniformity and 
from the aspects of high-frequency power absorption volume and production costs. 

[0098] To form the deposited film for a photovoltaic element, for instance, on the flat substrate as the plasma process- 
55 ing by using the apparatus thus configured, the following procedure can generally be used. 

[0099] First, the flat substrate 21 1 3 is placed on the substrate stage 21 20 in the reaction container 2111, and the air 
is exhausted from inside the reaction container 21 1 1 through the exhaust pipe 21 1 2 by an exhauster that is not shown. 
Subsequently, inert gases such as an Ar gas and an He gas are introduced into the reaction container 2111 via the 
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material gas supply means 211 8, and the gas supply amount and exhaust speed are adjusted so as to be set at a fixed 
pressure. Next, flat substrate 21 13 is heated and controlled by the heating element 2120a at a predetermined temper- 
ature of 200 to 300°C or so and maintained until the temperature becomes stable. 

[0100] When the substrate 2113 reaches the predetermined temperature, the material gases are introduced into the 
5 reaction container 2111 via the material gas supply means 2118 after sufficiently exhausting the inert gas used for 
heating. After checking that the flow rate of the material gases becomes the set flow rate and the pressure in the 
reaction container 21 11 becomes stable by adjusting the exhaust speed, the predetermined high-frequency power is 
supplied to the high-frequency electrode 2114 from the two high-frequency power supplies 2116 and 2117 having 
mutually different frequencies via the matching box 2115. Thus, a glow discharge is generated in the reaction container 
10 2111 , and the material gases are dissociated by excitation to form the deposited film on the substrate 2113. 

[0101] After forming the layer areas of desired film thickness, the types of material gases and the respective flow 
rates thereof are changed to predetermined values so as to perform the next deposited film formation by changing the 
ratio of the high-frequency powers to the predetermined values. 

[0102] When the desired layer constitution is formed, the supply of the high-frequency powers is stopped, and the 
15 supply of the material gases is subsequently stopped so that the semiconductor device of a multilayer structure is 
formed. 

[0103] While an example of forming the deposited film is described above, the above apparatus is applicable not 
only to the deposited film formation but also to the plasma processing such as etching. 

[0104] In addition, while it is effective, apart from the device of the multi-layer structure, to change the ratio of the 
20 high-frequency powers during formation of a single layer area or during the plasma processing such as etching, even 
in that case, it is important to set it to satisfy the above relation between the frequency and the power ratio. 
[0105] FIG. 3 is a schematic diagram showing another embodiment of the plasma processing apparatus capable of 
performing the vacuum processing method of the present invention. 

[0106] The plasma processing apparatus shown in FIG. 3 is an apparatus for forming the deposited film on a cylin- 
25 dricai substrate, and is comprised of, if roughly divided, a deposition apparatus 11 00, a material gas supply apparatus 
1200 and the exhauster (not shown) for reducing pressure in a reaction container 1111 . 

[0107] An exhaust pipe 1112 is integrally formed on a side of the reaction container 1111 , and the other end of the 
exhaust pipe 1 1 1 2 is connected to the exhausterthat is not shown. In the reaction container 1 1 1 1 , a plurality of cylindrical 
substrates 1113 on which the deposited films are to be formed are disposed as if surrounding the central portion 1110 
30 of the reaction container 1111. Each of the cylindrical substrates 1 1 1 3 is held by a rotation axis 1 1 21 rotated by a motor 
1123 and a reduction gear 1122 and heated by a heating element 1120. If the motor 1123 is driven, the rotation axis 
1121 rotates via the reduction gear 1122 and the cylindrical substrate 1113 revolves around its generatrix-direction 
central axis accordingly. 

[0108] The material gas supplying apparatus 1200 is comprised of gas cylinders 1221 to 1225 of the material gases 
35 required for the vacuum processing such as SiH 4 , H 2 , CH 4 , B 2 H 6 and PH 3 , header valves 1231 to 1235, pressure 
regulators 1261 to 1265, gas inflow valves 1241 to 1245, gas outflow valves 1251 to 1255 and massflow controllers 
1211 to 1215, where each material gas cylinder is connected to a material gas supply means 1118 for introducing the 
gases into the reaction container 1111 via a material gas piping 1119 having a supplementary valve 1260. 
[0109] In the apparatus shown in FIG. 3, two high-frequency power supplies 1116 and 1117 are used in order to 
40 supply the high-frequency powers of mutually different frequencies. The high-frequency powers supplied from the high- 
frequency power supplies 1116 and 1117 are synthesized in the matching box 1 1 1 5 by passing the respective matching 
circuits, and are supplied into the reaction container 1111 from a high-frequency power electrode 1 1 1 4. In the constitution 
shown in FIG. 3, the cylindrical substrate 1113 maintained at the earth potential through a rotation axis 1121 acts as 
the other high-frequency power electrode. Moreover, the constitution from the high-frequency power supply to the 
45 matching box may use another constitution as shown in FIGS. 1 A to 1 C, or it may have the constitution connected to 
even more high-frequency power supplies. 

[0110] In the apparatus of the constitution shown in FIG. 3, processing can be uniformly performed all around the 
surface of the cylindrical substrate 1 1 1 3 by rotating the cylindrical substrate 1 1 1 3 by the motor 1 1 23 and the reduction 
gear 1122 via the rotation axis 1121 at the predetermined speed during the vacuum processing. 
50 [0111] For instance, when the high-frequency power supply 1116 is made the first high-frequency power supply for 
supplying the first high-frequency power (frequency f1 , power value P1), and the high-frequency power supply 1117 is 
made the second high-frequency power supply for supplying the second high-frequency power (frequency f2, power 
value P2), the power supplies capable of rendering the relation of the respective oscillation frequencies as follows are 
used as the high-frequency power supplies 1116 and 1117: 



55 



10 MHz<f2<f1 < 250 MHz; 
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and 

0.1 < P2/(P1 + P2) < 0.9 

5 

[0112] The sum P (=P1 + P2) of the power values of the two high-frequency power supplies may be any value. In 
the normal vacuum processing, however, when the total flow rate of the gases supplied into the reaction container 1111 
is F, the power value per unit flow rate, P/F should desirably be 6 to 6,000J/ml (normal), and preferably 12 to 3.000J/ 
ml (normal), and optimally 60 to 1 ,800J/ml (normal). If this P/F is too low, it is thinkable that the electric power per unit 

10 gas flow rate is too low for decomposition to proceed well. Therefore, there is a possibility that the desired vacuum 
processing is not performed unless the P/F is higher than a certain level. On the other hand, if the P/F is excessively 
high beyond that level, the electric power per unit gas flow rate is too high and the decomposition proceeds overly 
further than desired active species so that the desired active species decreases inversely or the substrate is damaged 
by rendering electron temperature and gas temperature excessive. 

15 [0113] In addition, it is possible to provide to the first high-frequency power supply 1116 the high-pass filter having 
the cut-off frequency characteristic that is lower than the frequency f 1 and higher than the frequency f2. Also, it is 
possible likewise to provide to the second high-frequency power supply 1117 the low-pass filter having a cut-off fre- 
quency characteristic that is higher than the frequency f2 and lower than the frequency f1 . As for such frequency 
selectivity, the higher it is, the more desirable it is, since it becomes possible to render the other power that diffracts 

20 to each high-frequency power supply low. 

[0114] In addition, it is possible, with the constitution shown in FIG. 1 B, to generate the high-frequency power sat- 
isfying the conditions of the present invention by amplifying the output of a plurality of signal generators with the broad 
band amplifier. 

[0115] In addition, it is preferable that the frequencies f1 and f2 should satisfy the following range since, for instance, 
25 the deposition rate becomes remarkably fast in the case of forming the deposited film: 

30 MHz < f2 < f1 < 250 MHz 

30 [0116] In addition, it is desirable that the power values P1 and P2 should satisfy the following range: 

0.2 < P2/(P1 + P2) < 0.7 

35 [0117] Furthermore, it is possible to improve stability of the discharge by setting the upper limit of the power ratio at 
f2/f1. 

[0118] In addition, it is possible to obtain a higher standing wave suppressing effect by setting the frequencies f1 
and f2 within the following range: 

40 

0.5<f2/f1 < 0.9 

[0119] While there is no particular limitation on the shape of the high-frequency power electrode 1114, it should 
desirably have the rod-like or linear shape as shown in FIG. 3 in orderto obtain a more remarkable effect of uniformizing 

45 the vacuum processing characteristics. In addition, the high-frequency power electrode 1114 should desirably be com- 
prised of curved surfaces as much as possible, and preferably have the columnar or cylindrical shape from the viewpoint 
of preventing peeling of the film adhered to the high-frequency power electrode 1114 when forming the deposited film. 
[0120] It is desirable that the surface of the high-frequency power electrode 1114 is roughened for the purposes of 
improving adhesiveness of the film, preventing film peeling and suppressing the dust in the formed film. As for the 

so concrete degree of roughening, it should desirably be in the range from 5 urn to 200 urn in 1 0-point average roughness 
(Rz) with reference to 2.5 mm. 

[0121] Furthermore, it is effective to have the surface of the high-frequency electrode 1114 covered or coated with 
the ceramic material from the viewpoint of improving the film adhesiveness. While there is no particular limitation as 
to the concrete means of coating, the surface of the high-frequency electrode 1114 may be coated by a surface coating 
55 method such as the CVD method or thermal spraying, for instance. Of the coating methods, the thermal spraying is 
preferable in terms of the costs and since it is hardly limited as to the size and shape of the object to be coated. As for 
concrete ceramic materials, alumina, titanium dioxide, aluminum nitride, boron nitride, zircon, cordierite, zircon cordier- 
ite, silicon oxide, beryllium oxide mica ceramics and so on can be named. While there is no particular limitation on the 
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thickness of the ceramic material for coating the surface of the high-frequency electrode 1114, the thickness of 1 |im 
to 1 0 mm is preferable, and 1 0 ujti to 5 mm is more preferable for the sake of increasing durability and uniformity and 
from the aspects of high-frequency power absorption volume and production costs. 

[01 22] Moreover, it is possible to further enhance the adhesion of film on the surface of the high-frequency electrode 
5 1114 and prevent thefilm peeling more effectively by providing heating or cooling means to the high-frequency electrode 
1114. In this case, it is determined whether to heat or cool the high-frequency electrode 1114 as appropriate according 
to the deposited film material and deposition conditions. As for concrete heating means, there is no particular limitation 
as far as it is a heating element. To be more specific, electrical resistance heating elements such as a winding heater 
of a sheath-like heater, a plate-like heater and a ceramic heater, and thermal radiation lamp heating elements such as 
10 a halogen lamp and an infrared ray lamp, heating elements by heat exchange means having media such as liquids 
^ and gases can be named. On the other hand, as for concrete cooling means, there is no particular limitation as far as 
it is a heat absorbing element. For instance, a cooling coil, a cooling plate, a cooling dome and so on capable of 
shedding liquids, gases and so on as cooling media can be named. 

[0123] The formation of the deposited film for the cylindrical electrophotographic photosensitive member, for instance, 

15 by using the apparatus thus configured can be performed by generally using the following procedure. 

[0124] First, the cylindrical substrate 1113 is installed in the reaction container 1111 , and the air is exhausted from 
inside the reaction container 1111 through the exhaust pipe 1112 by the exhauster that is not shown. Subsequently, 
the inert gases such as the Ar gas and He gas and so on are introduced into the reaction container 1111 via the material 
gas supply means 1118, and the gas supply amount and exhaust speed are adjusted so as to be set at the fixed 

20 pressure. Next, the heating element 1120 heats and controls the cylindrical substrate 1113 to be at a predetermined 
temperature between 200°C and 300°C or so, maintaining it until the temperature becomes stable. 
[0125] When the cylindrical substrate 1 113 reaches the predetermined temperature, the inert gases and so on used 
for heating are sufficiently exhausted, and then the material gases are introduced into the reaction container 1111 via 
the material gas supply means 1118. After checking that the flow rate of the material gases becomes the set flow rate 

25 and the pressure in the reaction container 1111 becomes stable, the predetermined high-frequency power is supplied 
to the high-frequency electrode 1114 from the two high-frequency power supplies 1116 and 1117 of mutually different 
oscillation frequencies via the matching box 1 1 1 5. Thus, the glow discharge is generated in the reaction container 1111, 
and the material gases are dissociated by excitation to form the deposited film on the cylindrical substrate 1113. 
[0126] To obtain a deposited film having a further multi-layer form, the layer area of the desired film thickness is 

30 formed, and then the types of the material gases and the respective flow rates thereof are changed to the predetermined 
values to form a next layer area. 

[0127] FIGS. 8A, 8B and 8C are schematic block diagrams for describing the layer constitution of the electrophoto- 
graphic photosensitive member produced by the present invention. 

[0128] A photosensitive member 8500 shown in FIG. 8A has a light-receiving layer 8502 provided on a substrate 
35 8501 . The light-receiving layer 8502 is comprised of an a-Si charge injection blocking layer 8505, a photoconductive 
layer 8503 having photoconductivity and consisting of amorphous silicon (a-Si: H, X) containing hydrogen atoms (H) 
and/or halogen atoms (X), and an a-SiC surface layer 8504 in order from the side of substrate 8501 . 
[0129] The photosensitive member 8500 shown in FIG. 8B has the light- receiving layer 8502 provided on the sub- 
strate 8501. The light-receiving layer 8502 is comprised of the a-Si charge injection blocking layer 8505, the photo- 
40 conductive layer 8503 consisting of a-Si: H, X and having photoconductivity and the a-SiC surface layer 8504 in order 
from the substrate 8501 side, where the photoconductive layer 8503 consists of a first layer area 8503a and a second 
layer area 8503b. 

[0130] The photosensitive member 8500 shown in FIG. 8C has the light-receiving layer 8502 provided on the sub- 
strate 8501. The light-receiving layer 8502 is comprised of the a-Si charge injection blocking layer 8505, the photo- 
ns conductive layer 8503 consisting of a-Si: H, X and having photoconductivity, the a-SiC intermediate layer 8506 and 
the a-SiC surface layer 8504 in order from the substrate 8501 side. 

(Substrate) 

50 [0131] The substrates to be used in the present invention may be either conductive or electrically insulating. As for 
conductive substrates, metals such as Al, Cr, Mo, Au, In, Nb, Te, V, Ti, Pt, Pd and Fe, and their alloys such as stainless 
steel can be named. In addition, substrates having rendered conductive at least the surface of the side on which the 
light-receiving layer is formed may also be used, including films or sheets of synthetic resins such as polyester, poly- 
ethylene, polycarbonate, cellulose acetate, polypropylene, polyvinyl chloride, polystyrene and potyamide, and electri- 

55 cally insulated substrates such as glass and ceramics. 

[0132] While the shape of the substrates to be used in the present invention may be cylindrical or flat with a smooth 
surface or uneven surface and its thickness is determined as appropriate to form a desired semiconductor device, it 
may be rendered as thin as possible within the range capable of sufficiently showing functions as the substrate in the 
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case where flexibility is required. However, it should usually be 10 um or more from the viewpoint of manufacturing, 
handling and mechanical strength of the substrate. 

(Photoconductive layer) 

5 

[0133] In the present invention, the photoconductive layer formed on the substrate to effectively attain its objects 
and constituting a part of the light-receiving layer is formed by the plasma CVD method in which numerical conditions 
of film formation parameters are set as appropriate to obtain the desired characteristics. 

[0134] To form the photoconductive layer, basically, the material gas for supplying Si capable of supplying the silicon 
10 atoms (Si), the material gas for supplying H capable of supplying the hydrogen atoms (H) and/or and the material gas 

for supplying X capable of supplying the halogen atoms (X) should be introduced in a gaseous state into the reaction 

container capable of reducing the pressure therein to generate the glow discharge therein, so that a layer consisting 

of a-Si :H, X may be formed on a predetermined substrate placed at a predetermined position in advance. 

[0135] Moreover, while it is necessary in the present invention that the hydrogen atoms and/or the halogen atoms 
15 should be contained in the photoconductive layer, it is because they are essential for the sake of compensating for 

unbonded hands of the silicon atoms and improving the layer quality, in particular, the photoconductivity and charge 

holding characteristic. 

[0136] Accordingly, it is desirable that the content of the hydrogen atoms or the halogen atoms, or the sum of the 
hydrogen atoms and the halogen atoms should be 10 to 40 atom percent to the sum of the silicon atoms and the 

20 hydrogen atoms and/or the halogen atoms. 

[0137] As for the substance capable of being the gas for supplying Si used in the present invention, gaseous or 
gasifiable silicon hydrides (silanes) such as SiH 4 , Si 2 H 6 , Si 3 H 8 and Si 4 H 10 can be named as the ones to be effectively 
used, and furthermore, SiH 4 and Si 2 H 6 can be named as the preferable ones from the viewpoints of easy handling 
when forming the layer and high efficiency in the supply of Si. 

25 [0138] Also it is preferable to form the layer by further mixing these gases with gases of H 2 and/or He or silicon 
compounds containing hydrogen atoms by a desired amount in order to structurally introduce hydrogen atoms into the 
photoconductive layer to be formed, render control over an introduction ratio of the hydrogen atoms still easier and 
obtain the film characteristics for attaining the objects of the present invention. Moreover, the gases may be not only 
a single species but a plurality of species mixed at a predetermined mixing ratio. 

30 [0139] In addition, as for the material gases effective as the ones for supplying the halogen atoms to be used in the 
present invention, a gaseous or gasifiable halogen compound such as a halogen gas, a halogenide, an interhalogen 
compound containing a halogen, and a silane derivative substituted with a halogen, for instance, can be named as the 
preferable ones. In addition, a gaseous or gasifiable, hydrogenated silicon compound containing a halogen atom, 
having silicon atoms and the halogen atoms as the constituting elements can further be named as the effective one. 

35 As for the halogen compound preferably useable in the present invention, to be specific, interhalogen compounds such 
as a fluorine gas (F 2 ), BrF, CIF, CJF 3 , BrF 3 , BrF 5 , IF 3 and IF 7 can be named. As for the silicon compound containing 
the halogen atoms, that is, so-called a silane derivative substituted with a halogen atom, to be specific, a silicon fluoride 
such as SiF 4 and Si 2 F 6 can be named for instance as the preferable ones. 

[0140] To control the amount of the hydrogen atoms and/or the halogen atoms contained in the photoconductive 
40 layer, the temperature of the substrate, the amount introduced into the reaction container of the material substance 
used for corporating the hydrogen atoms and/or the halogen atoms, the discharge power and so on should be controlled 
for instance. 

[0141] In the present invention, it is preferable that the photoconductive layer should contain atoms for controlling 
the conductivity. 

45 [0142] As for the atoms for controlling the conductivity contained in the photoconductive layer, so called impurities 
in the semiconductor field can be named, and the atoms for providing p-type conductivity characteristics belonging to 
the group 13 of the periodic table (hereinafter, abbreviated as the "group 13 atoms") or the atoms for providing n-type 
conductivity characteristics belonging to the group 15 of the periodic table (hereinafter, abbreviated as the "group 15 
atoms") may be used. 

50 [0143] As for such group 13 atoms, to be specific, there are boron (B), aluminum (Al), gallium (Ga), indium (In), 
thallium (Tl) and so on, and B, Al and Ga are especially preferable. 

[0144] As for the group 15 atoms, to be specific, there are P (phosphorus), As (arsenic), Sb (antimony), Bi (bismuth) 
and so on, and P and As are especially preferable. 

[0145] As for the content of the atom for controlling the conductivity contained in the photoconductive layer, it should 
55 preferably be 1 x 10" 2 to 1 x 10 4 atom ppm, more preferably 5 x 10" 2 to 5 x 10 3 atom ppm, and optimally 1 x 10 _1 
to 1 x 10 3 atom ppm. 

[01 46] To structurally introducing the atoms forcontrolling the conductivity into the photoconductive layer, the material 
substance thereof should be introduced in a gaseous state into the reaction container together with other gases for 
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forming the photoconductive layer when forming the layer. 

[0147] As for material substances for introducing the atoms for controlling the conductivity, it is desirable that those 
gaseous at normal temperature and normal pressure or at least those that can easily be gasified underthe layer forming 
conditions should be adopted. 

5 [0148] As for the material substances for introducing such group 13 atoms, to be specific, boron hydrides such as 
B 2 H 6> B 4 H 10 , B 5 H 9 , BgH-H , B 6 H 10 , B 6 H 12 and B 6 H 14 , and boron halides such as BF 3 , BCI 3 and BBr 3 can be named for 
introduction of boron atoms. In addition, AICI 3 , GaCI 3 , Ga(CH 3 ) 3 , lnCI 3 , TICI 3 and so on can be named. 
[0149] As for the material substances for introducing the group 15 atoms, phosphorous hydrides such as PH 3 and 
P 2 H 4 , and phosphorous halides such as PH 4 I, PF 3 , PF 5 , PCI 3 , PCI 5 , PBr 3 , PBr 5 and Pl 3 can be named as those used 

10 effectively for introduction of phosphorous atoms. In addition, AsH 3 , AsF 3 , AsCI 3 , AsBr 3 , AsF 5 , SbH 3 , SbF 3 , SbF 5 , 
SbCI 3 , SbCI 5 , BiH 3 , BiCI 3 , BiBr 3 and so on can be named as effective starting substances for introducing the group 15 
atoms. 

[0150] Moreover, these material substances for introducing the atoms for controlling the conductivity can be used, 
as necessary, by diluting them with gases such as H 2 , He, Ar and Ne. 

is [0151] Furthermore, it is effective to have carbon atoms and/or oxygen atoms and/or nitrogen atoms contained in 
the photoconductive layer. The content of the carbon atoms and/orthe oxygen atoms and/orthe nitrogen atoms should 
preferably be 1 x 10" 5 to 10 atom percent, more preferably 1 x 10 -4 to 8 atom percent, and optimally 1 x 10* 3 to 5 
atom percent to the sum of the silicon atoms, carbon atoms, oxygen atoms and nitrogen atoms. The carbon atoms 
and/or the oxygen atoms and/or the nitrogen atoms may equally and uniformly be contained in the photoconductive 

20 layer, or there may also be a portion of nonuniform distribution wherein the content changes in the layer thickness 
direction of the photoconductive layer. 

[0152] In the present invention, it is desirable that the layer thickness of the photoconductive layer should be deter- 
mined from the viewpoints of obtaining desired electrophotographic characteristics, economic effects and so on, and 
it should preferably be 1 0 to 50 jim, more preferably be 15 to 45 and optimally 20 to 40 u.m. If the layer thickness 
25 becomes thinner than 20 \im, the electrophotographic characteristics such as chargeability and sensitivity become 
insufficient in practice, and if it is thicker than 50 ^im, the time for forming the photoconductive layer becomes longer, 
resulting in higher production costs. 

[0153] To attain the objects of the present invention and form the photoconductive layer having the desired film 
characteristics, it is necessary to set the mixing ratio between the gas for supplying Si and the diluting gas, the gas 
30 pressure in the reaction container, the discharge power and the substrate temperature as appropriate. 

[0154] While the optimum range as to the pressure in the reaction container is also selected as appropriate according 
to the layer design, in a usual case, it should preferably be set at 1 x 1 0' 2 to 1 x 1 o 3 Pa, more preferably 5 x 1 0~ 2 to 
5 x 10 2 Pa, and optimally 1 x 10~ 1 to 1 x 10 2 Pa. 

[0155] Moreover, while the optimum range as to the substrate temperature is selected as appropriate according to 
35 the layer design, in a usual case, it should preferably be set at 150 to 350°C, more preferably 180 to 330°C, and 
optimally 200 to 300°C. 

[0156] In the present invention, while the above described ranges can be designated as preferable numerical ranges 
of the substrate temperature and the gas pressure for the purpose of forming the photoconductive layer, the conditions 
should not be determined independently and separately under normal circumstances, and so it is desirable to determine 
40 the optimum values based on mutual and organic relationship in order to form the photosensitive member having the 
desired characteristics. 

(Charge injection blocking layer) 

45 [0157] In the photosensitive member of the present invention, it is more effective to provide a charge injection blocking 
layer having the function of blocking charge injection from the conductive substrate side between the conductive sub- 
strate and the photoconductive layer. To be more specific, the charge injection blocking layer has so-called polarity 
dependency wherein it has the function of blocking the charge to be injected from the substrate side to the photocon- 
ductive layer side when the light-receiving layer receives charging treatment of a predetermined polarity on its free 

50 surface, and such a function is not performed when it receives charging treatment of an opposite polarity. In order to 
provide such a function, it is also effective to have many atoms for controlling the conductivity contained in the charge 
injection blocking layer. 

[0158] The atoms for controlling the conductivity contained in the charge injection blocking layer may be uniformly 
distributed therein, or there may be the portions where they are contained in a state of nonuniform distribution while 
55 they are equally contained in the layer thickness direction. In the case where the distribution density is nonuniform, it 
is suitable to have many of them distributed on the substrate side. In either case, however, it is necessary to have them 
uniformly distributed and equally contained in the in-plane direction parallel to the surface of the substrate also from 
the viewpoint of uniformizing the characteristics in the in-plane direction. 
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[0159] As for the atoms for controlling the conductivity contained in the charge injection blocking layer, so called 
impurities in the semiconductor field can be named , and in the photosensitive member for positive charging, the atoms 
for providing p-type conductivity characteristics belonging to the group 1 3 of the periodic table (hereinafter, abbreviated 
as the "group 13 atoms") may be used. 
5 [0160] As for such group 13 atoms, to be specific, there are boron (B), aluminum (Al), gallium (Ga), indium (In), 
thallium (Tl) and so on, and B, Al and Ga are especially preferably 

[0161] Moreover, in the photosensitive member for negative charging, the atoms for providing n-type conductivity 
characteristics belonging to the group 15 of the periodic table (hereinafter, abbreviated as the "group 15 atoms") may 
be used. 

w [0162] As for the group 15 atoms, to be specific, there are P (phosphorus), As (arsenic), Sb (antimony), Bi (bismuth) 
and so on, and P and As are especially preferable. 

[01 63] As for the content of the atoms for controlling the conductivity contained in the charge injection blocking layer 
in the present invention, while it is determined as appropriate as desired in order to attain the objects thereof, it should 
preferably be 10 to 1 x 10 4 atom ppm, more preferably 50 to 5 x 10 3 atom ppm, and optimally 1 x 10 2 to 3 x 10 3 
'5 atom ppm. 

[0164] Furthermore, it is possible to further improve adhesiveness between the charge injection blocking layer and 
other layers provided directly in contact with it by having at least one type of the carbon atoms, nitrogen atoms and 
oxygen atoms contained in the charge injection blocking layer. 

[0165] The carbon atoms or nitrogen atoms or oxygen atoms contained in the charge injection blocking layer may 
20 be equally and uniformly distributed therein, or there may be the portions where they are contained in a state of non- 
uniform distribution while they are equally contained in the layer thickness direction. In either case, however, it is 
necessary to have them uniformly distributed and equally contained in the in-plane direction parallel to the surface of 
the substrate also from the viewpoint of uniformizing the characteristics in the in-plane direction. 

[0166] As for the content of the carbon atoms and/or nitrogen atoms and/or oxygen atoms contained in the entire^ 
25 layer areas of the charge injection blocking layer in the present invention, while it is determined as appropriate as 
desired in order to attain the objects thereof, it should preferably be, in the case of one type as its amount, and in the 
case of two or more types as the sum thereof, 1 x 10~ 3 to 30 atom percent, more preferably 5 x 10~ 3 to 20 atom 
percent, and optimally 1 x 10" 2 to 10 atom percent. 

[0167] In addition, the hydrogen atoms and/or the halogen atoms contained in the charge injection blocking layer in 
30 the present invention have the effects of compensating for unbonded hands existing in the layer and improving the 
layer quality. The content of the hydrogen atoms or the halogen atoms orthe sum thereof in the charge injection blocking 
layer should preferably be 1 to 50 atom percent, more preferably 5 to 40 atom percent, and optimally 10 to 30 atom 
percent. 

[0168] In the present invention, the layer thickness of the charge injection blocking layer should preferably be 0.1 to 
35 5 ujti, more preferably be 0.3 to 4 um, and optimally 0.5 to 3 u.m from the viewpoints of desired electrophotographic 
characteristics, economic effects and so on. If the layer thickness becomes thinner than 0.1 u,m, the power of blocking 
the charge from the substrate becomes insufficient so that sufficient changeability cannot be obtained, and if it is thicker 
than 5 ujti, improvement in electrophotographic characteristics cannot be expected, and extended time for the layer 
formation results in higher production costs. 
40 [0169] To form the charge injection blocking layer having the characteristics capable of attaining the objects of the 
present invention, it is necessary, as in the case of the photoconductive layer, to set the mixing ratio between the gas 
for supplying Si and the diluting gas, the gas pressure in the reaction container, the discharge power and the substrate 
temperature as appropriate. 

[0170] While the optimum range as to the pressure in the reaction container is selected as appropriate likewise 
45 according to the layer design, in a usual case, it should preferably be set at 1 x 10" 2 to 1 x 10 3 Pa ; more preferably 
5 x 10- 2 to 5 x 10 2 Pa, and optimally 1 x 10" 1 to 1 x 10 2 Pa. 

[0171] Moreover, while the optimum range as to the substrate temperature is selected as appropriate according to 
the layer design, in a usual case, it should preferably be set at 150 to 350°C, more preferably 180 to 330°C, and 
optimally 200 to 300°C. 

50 [0172] In the present invention, while the above described ranges can be designated as preferable numerical ranges 
of the mixing ratio of the diluted gases : the gas pressure, the discharge power and the substrate temperature for the 
purpose of forming the charge injection blocking layer, these layer formation factors should not be determined inde- 
pendently and separately under normal circumstances, and so it is desirable to determine the optimum values of the 
layer formation factors based on mutual and organic relationship in order to form the surface layer having the desired 

55 characteristics. 
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(Surface layer) 

[0173] In the present invention, it is preferable to further form an amorphous silicon surface layer on the photocon- 
ductive layer formed on the substrate as mentioned above. This surface layer has a free surface, and is provided for 
5 the purpose of attaining the objects of the present invention mainly in terms of moisture resistance, repeated use 
characteristics, electrical voltage proof, use environment characteristics and durability. 

[0174] Moreover, in the present invention, the amorphous materials forming the photoconductive layer and the sur- 
face layer, constituting the light-receiving layer have the silicon atoms as their common constituting element respec- 
tively, the chemical stability is sufficiently secured on their lamination interface. 

10 [0175] While it is possible to use any material in forming the surface layer as far as it is the amorphous silicon material, 
the materials to be suitably used are, for instance, amorphous silicon containing hydrogen atoms (H) and/or halogen 
atoms (X) and further containing carbon atoms (hereinafter, represented as "a-SiC :H, X"), amorphous silicon containing 
hydrogen atoms (H) and/or halogen atoms (X) and further containing oxygen atoms (hereinafter, represented as "a- 
SiO:H, X"), amorphous silicon containing hydrogen atoms (H) and/or halogen atoms (X) and further containing nitrogen 

15 atoms (hereinafter, represented as "a-SiN:H, X"), amorphous silicon containing hydrogen atoms (H) and/or halogen 
atoms (X) and further containing at least one of carbon atoms, oxygen atoms and nitrogen atoms (hereinafter, repre- 
sented as "a-SiCON:H, X") and so on. 

[0176] In the present invention, in order to effectively attain its objects, the surface layer is formed by a vacuum 
deposited film formation method in which the numerical conditions of the film formation parameters are set as appro- 

20 priate to obtain the desired characteristics. To be more specific, it can be formed by a number of film deposition methods 
such as a glow discharge method (AC discharge CVD methods or DC discharge CVD methods and so on, such as a 
low-frequency CVD method, a high-frequency CVD method or a microwave CVD method), a sputtering method, a 
vacuum evaporation method, an ion plating method, a photo-chemical vapor deposition method and a thermal CVD 
method for instance. While these film deposition methods are adopted by selecting them as appropriate by the factors 

25 such as manufacturing conditions, a degree of load under plant and equipment investment, a manufacturing scale and 
the characteristics desired about the photosensitive members to be produced, it is desirable to adopt the same depo- 
sition method as that for forming the photoconductive layer from the viewpoint of the productivity of the photosensitive 
members. 

[0177] For instance, to form the surface layer composed of a-SiC:H, X by the glow discharge method, basically, the 
30 material gas for supplying Si capable of supplying the silicon atoms (Si), the material gas for supplying C capable of 
supplying the carbon atoms (C), the material gas for supplying H capable of supplying the hydrogen atoms (H) and/or 
and the material gas for supplying X capable of supplying the halogen atoms (X) should be introduced in a gaseous 
state into the reaction container capable of reducing the pressure therein to generate the glow discharge therein, so 
that a layer consisting of *'a-SiC:H, X" may be formed on the substrate having the photoconductive layer formed thereon 
35 at a predetermined position in advance. 

[0178] While any material may be used in forming the surface layer in the present invention as far as it is the amor- 
phous silicon material containing the silicon, it should preferably be a compound with the silicon atoms containing at 
least one element selected from the carbon, nitrogen and oxygen, and preferably the one having a-SiC as its main 
component. 

40 [01 79] The carbon content in the case of forming the surface layer with a-SiC as its main component should preferably 
be within the range of 30 to 90 percent to the sum of the silicon atoms and the carbon atoms. 

[0180] Moreover, while it is necessary in the present invention that the hydrogen atoms and/or the halogen atoms 
should be contained in the surface layer, it is because they are essential for the sake of compensating for unbonded 
hands of the silicon atoms and improving the layer quality, in particular, the photoconductivity and charge holding 
characteristics. The hydrogen content should preferably be 30 to 70 atom percent under normal circumstances, more 
preferably 35 to 65 atom percent, and optimally 40 to 60 atom percent to the sum of the constituting atoms. In addition, 
as for the fluorine content, it should preferably be 0.01 to 15 atom percent under normal circumstances, more preferably 
0.1 to 10 atom percent, and optimally 0.5 to 5 atom percent. 

[01 81 ] These photosensitive members produced within the ranges of the hydrogen content and/or the fluorine content 
50 are sufficiently applicable in practice as remarkably excellent ones that has not existed so far. To be more specific, it 
is known that the defect (mainly dangling bonds of the silicon atoms and the carbon atoms) existing in the surface layer 
exerts a bad influence upon the characteristics as the electrophotographic member. For instance, those that are named 
as the bad influence include deterioration of the chargeability characteristics due to charge injection from the free 
surface, change in the chargeability characteristics due to change of the surface structure under the use environment 
55 such as at a high humidity, and furthermore, occurrence of an after-image phenomenon when repeatedly used, which 
is caused in such a manner that charges are injected into the surface layer from the photoconductive layer at the time 
of corona electrical charging and at the time of light irradiation and trapped on the above described defect in the surface 
layer and so on. 
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[0182] However, the defect in the surface layer is significantly reduced by controlling the hydrogen content in the 
surface layer to be 30 atom percent or more, and consequently a great improvement can be made in the aspect of 
electric characteristics and high-speed successive usability compared to the past. 

[0183] On the other hand, if the hydrogen content in the surface layer exceeds 70 atom percent, it can no longer 
5 withstand the repeated use because the hardness of the surface layer is reduced. Accordingly, it is one of the very 
important factors to control the hydrogen content in the surface layer to be within the above described range in order 
to obtain the desired electrophotographic characteristics that are remarkably good. The hydrogen content in the surface 
layer can be controlled by the material gas flow rate (ratio), substrate temperature, discharge power, gas pressure and 
so on. 

10 [0184] In addition, it becomes possible, by controlling the fluorine content in the surface layer to be in the range 0.01 
atom percent or more, to more effectively accomplish the occurrence of bonding of the silicon atoms and the carbon 
atoms in the surface layer. Furthermore, as the workings of the fluorine atoms in the surface layer, it is possible to 
effectively prevent the bonding of the silicon atoms and the carbon atoms from breaking due to damage of the corona 
and so on. 

15 [0185] On the other hand, if the fluorine content in the surface layer exceeds 15 atom percent, the desired effects 
of the occurrence of bonding of the silicon atoms and the carbon atoms in the surface layer and the prevention of the 
bonding of the silicon atoms and the carbon atoms from breaking due to damage of corona and so on can hardly be 
recognized any longer. Furthermore, as the excessive fluorine atoms obstructs travelabiiity of a carrier in the surface 
layer, a residual potential and an image memory come to be remarkably recognized. Accordingly it is one of the very 

20 important factors to control the fluorine content in the surface layer to be within the above described range in order to 
obtain the desired electrophotographic characteristics. It is possible to control the fluorine content in the surface layer 
by the material gas flow rate (ratio), substrate temperature, discharge power, gas pressure and so on as in the case 
of the hydrogen content. 

[0186] As for the substances capable of becoming the gas for supplying silicon (Si) used in the formation of the;. 

25 surface layer of the present invention, gaseous or gasifiable silicon hydrides (silanes) such as SiH 4 , Si 2 H 6 , Si 3 H 8 and 
Si 4 H 10 can be named as the ones to be effectively used, and furthermore, SiH 4 and Si 2 H 6 can be named as the desirable 
ones from the viewpoints of easy handling when forming the layer and high efficiency in the supply of Si. Moreover, 
these material gases for supplying Si can be used, as necessary, by diluting them with gases such as H 2 , He, Ar and Ne. 
[0187] As for the substances capable of becoming the gas for supplying the carbon, gaseous or gasifiable hydro- 

30 carbons such as CH 4 , C 2 H 2 , C 2 H 6 , C 3 H 8 and C 4 H 10 can be named as the ones to be effectively used, and furthermore, 
CH 4 , C 2 H 2 and C 2 H 6 can be named as the desirable ones from the viewpoints of easy handling when forming the layer 
and high efficiency in the supply of Si. Moreover, these material gases for supplying C can be used, as necessary, by 
diluting them with gases such as H 2 , He, Ar and Ne. 

[0188] As for the substances capable of becoming the gas for supplying the nitrogen or oxygen, gaseous or gasifiable 
35 compounds such as NH 3 , NO, N 2 0, N0 2 , 0 2 , CO, C0 2 and N 2 can be named as the ones to be effectively used. 
Moreover, these material gases for supplying the nitrogen or oxygen can be used, as necessary, by diluting them with 
gases such as H 2 , He, Ar and Ne. 

[0189] In addition, in order to render it still easier to control the introduction ratio of the hydrogen atoms to be intro- 
duced into the surface layer to be formed, it is preferable to form the layer by further mixing these gases with a desired 
40 amount of hydrogen gas or a gas of silicon compounds containing hydrogen atoms. In addition, the gases may be not 
only a single species but a plurality of secies mixed at a predetermined mixing ratio. 

[0190] As for the material gases effective as the ones for supplying the halogen atoms, a gaseous or gasifiable 
halogen compound such as a halogen gas, a halogenide, an interhalogen compound containing a halogen, and a 
silane derivative substituted with a halogen, for instance, can be named as the preferable ones. In addition, a gaseous 

45 or gasifiable, silicon hydride compound containing a halogen atom, having the silicon atoms and the halogen atoms 
as the constituting elements can further be named as the effective one. As for the halogen compounds preferably 
useable in the present invention, to be specific, interhalogen compounds such as the fluorine gas (F 2 ), BrF, CIF, CIF 3 , 
BrF 3 , BrF 5 , IF 3 and IF 7 can be named. As for the silicon compound containing halogen atoms, that is, so-called the 
silane derivative substituted with a halogen atom, to be specific, the silicon fluorides such as SiF 4 and Si 2 F 6 can be 

50 named as the preferable ones. 

[0191] To control the amount of the hydrogen atoms and/or the halogen atoms contained in the surface layer, the 
temperature of the substrate, the amount introduced into the reaction container of the material substance used for 
corporating the hydrogen atoms and/orthe halogen atoms, the discharge power and so on thereof should be controlled 
for instance. 

55 [0192] The carbon atoms and/orthe oxygen atoms and/orthe nitrogen atoms may equally and uniformly be contained 
in the surface layer, or there may also be a portion of nonuniform distribution wherein the content changes in the layer 
thickness direction of the surface layer 

[0193] As for the layer thickness of the surface layer of the present invention, it should preferably be 0.01 to 3 \im 
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under normal circumstances, more preferably be 0.05 to 2 um, and optimally 0.1 to 1 u.m. If the layer thickness becomes 
thinner than 0.01 u,m, the surface layer is lost due to wear and so on while using the photosensitive member, and if it 
exceeds 3 um, there is reduction in the electrophotographic characteristics such as increase in the residual potential. 
[0194] The surface layer according to the present invention is carefully formed so as to provide the desired charac- 

5 teristics as they are desired. To be more specific, as the substance containing as the constituting element Si : C and/ 
or N and/or O, H and/or X structurally takes the crystal to amorphous forms depending on its forming conditions and 
shows properties from conductivity, semiconductivity to insulation in terms of electric properties, and photoconductive 
to non-photoconductive properties respectively, its forming conditions are strictly selected as desired in the present 
invention so that the compounds having the desired characteristics according to the objects wilt be formed. 

10 [0195] For instance, in case of providing the surface layer for the main purpose of improving the voltage proof, it is 
formed as a non-single crystal material whose electrical insulating behavior is remarkable in the use environment. 
[0196] In addition, in the case of providing the surface layer for the main purpose of improving the successive repeated 
use characteristics or the use environment characteristics, the degree of the above electrical insulation is alleviated to 
an extent, and it is formed as the non-single crystal material having sensitivity to a degree to the irradiated light. 

is [0197] To form the surface layer having the characteristics capable of attaining the objects of the present invention, 
it is necessary to set as appropriate the substrate temperature and the gas pressure in the reaction container as desired. 
[0198] While the optimum range as to the substrate temperature (Ts) is selected as appropriate according to the 
layer design, in a usual case, it should preferably be set at 150 to 350°C, more preferably 1 80 to 330°C, and optimally 
200 to 300°C. 

20 [0199] While the optimum range as to the pressure in the reaction container is also selected as appropriate according 
to the layer design, in a usual case, it should preferably be set at 1 x 10' 2 to 1 x 10 3 Pa, more preferably 5 x 10' 2 to 
5 x 10 2 Pa, and optimally 1 x 10" 1 to 1 x 10 2 Pa. 

[0200] In the present invention, while the above described ranges can be designated as preferable numerical ranges 
of the substrate temperature and the gas pressure for the purpose of forming the surface layer, the conditions should 
25 not be determined independently and separately under normal circumstances, and so it is desirable to determine the 
optimum values based on mutual and organic relationship in order to form the photosensitive member having the 
desired characteristics. 

[0201] It is also feasible to provide an area between the surface layer and the photoconductive layer where the 
content of the carbon atoms and/or the oxygen atoms and/or the nitrogen atoms changes by decreasing toward the 
30 photoconductive layer. Thus, the adhesiveness of the surface layer and the photoconductive layer is improved, and 
movement of a light carrier to the surface becomes smooth, and besides, the influence of interference due to reflection 
of the light on the interface between the photoconductive layer and the surface layer can be reduced. 



35 



(Intermediate layer) 



[0202] In the photosensitive member of the present invention, it is effective to form between the photoconductive 
layer and the surface layer an intermediate layer (upper blocking layer) having the function of blocking injection of the 
charges from the surface layer side in the case of the negative charging. 

[0203] To be more specific, the intermediate layer has so-called polarity dependency wherein it has the function of 
40 blocking the charge to be injected from the surface layer side to the photoconductive layer side when the light-receiving 
layer receives charging treatment of a predetermined polarity on its free surface, and such a function is not performed 
when it receives charging treatment of the opposite polarity. In order to provide such a function, it is effective to have 
many atoms for controlling the conductivity contained in the intermediate layer 

[0204] The atoms for controlling the conductivity contained in the intermediate layer may be equally and uniformly 
45 distributed therein, or there may be the portions where they are contained in a state of nonuniform distribution while 
they are equally contained in the layer thickness direction. 

[0205] In either case, however, it is necessary to have them uniformly distributed and equally contained in the in- 
plane direction parallel to the surface of the substrate also from the viewpoint of uniformizing the characteristics in the 
in-plane direction. 

so [0206] As for the atoms for controlling the conductivity contained in the intermediate layer so called impurities in the 
semiconductor field can be named, and the atoms for providing p-type conductivity characteristics belonging to the 
group 13 of the periodic table (hereinafter, abbreviated as the "group 13 atoms") may be used. 

[0207] As for such group 13 atoms, to be specific, there are boron (B), aluminum (Al), gallium (Ga), indium (In), 
thallium (Tl) and so on, and B, Al and Ga are especially preferable. 
55 [0208] As for the content of the atom for controlling the conductivity contained in the intermediate layer in the present 
invention, while it is determined as appropriate as desired in order to attain the objects thereof, it should preferably be 
10 to 1 x 10 4 atom ppm, more preferably 50 to 5 x 10 3 atom ppm, and optimally 1 x 10 2 to 3 x 10 3 atom ppm. 
[0209] While it is possible to use any material for the intermediate layer as far as it is the amorphous silicon material, 
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it should preferably be composed of the same material as the surface layer. 

[0210] To be more specific, the materials such as "a-SiC: H, X," "a-SiO: H, X," "a-SiN: H, X" and "a-SiCON: H, X" 
are suitably used. 

[0211] The carbon atoms or the nitrogen atoms or the oxygen atoms contained in the intermediate layer may be 
5 equally and uniformly distributed therein, or there may be the portions where they are contained in a state of nonuniform 
distribution while they are equally contained in the layer thickness direction. In either case, however, it is necessary to 
have them uniformly distributed and equally contained in the in-plane direction parallel to the surface of the substrate 
also from the viewpoint of uniformizing the characteristics in the in-plane direction. 

[0212] While the content of the carbon atoms and/or the nitrogen atoms and/or the oxygen atoms contained in the 
10 entire area of the intermediate layer in the present invention is determined as appropriate to effectively attain the objects 
thereof, it should preferably be, in the case of one type as its amount, and in the case of two or more types as the sum 
thereof, within the range of 1 0 to 70 percent. 

[0213] Moreover, while it is necessary in the present invention that the hydrogen atoms and/or the halogen atoms 
should be contained in the intermediate layer, it is because they are essential for the sake of compensating for unbonded 

15 hands of the silicon atoms and improving the layer quality, in particular, the photoconductivity and charge holding 
characteristics. The hydrogen content should preferably be 30 to 70 atom percent under normal circumstances, more 
preferably 35 to 65 atom percent, and optimally 40 to 60 atom percent to the sum of the consdtituting atoms. In addition, 
as for the halogen content, it should preferably be 0.01 to 1 5 atom percent under normal circumstances, more preferably 
0.1 to 10 atom percent, and optimally 0.5 to 5 atom percent. 

20 [0214] As for the layer thickness of the intermediate layer of the present invention, it should preferably be 0.01 to 3 
jim, more preferably be 0.03 to 2 u.m, and optimally 0.05 to 1 \xm from the viewpoints of obtaining the desired electro- 
photographic characteristics, economic effects and so on. If the layer thickness becomes thinner than 0.01 |xm, the 
force of blocking the charge from the surface side becomes insufficient so that sufficient chargeability cannot be ob- 
tained, and if it is thicker than 3 jam, improvement in electrophotographic characteristics cannot be expected, which; 

25 may rather lead to reduction in sensitivity and so on. 

[0215] To form the intermediate layer having the characteristics capable of attaining the objects of the present in- 
vention, it is necessary, as in the case of the surface layer, to set the mixing ratio between the gas for supplying Si and 
the gases for supplying C and/or N and/or O, the gas pressure in the reaction container, the discharge power and the 
substrate temperature as appropriate. 

30 [0216] While the optimum range as to the pressure in the reaction container is selected as appropriate according to 
the layer design, in a normal case, it should preferably be set at 1 x 10" 2 to 1 x 10 3 Pa, more preferably 5 x 10 -2 to 
5 x 10 2 Pa, and optimally 1 x 10' 1 to 1 x 10 2 Pa. 

[0217] Moreover, while the optimum range as to the substrate temperature is selected as appropriate according to 
the layer design, in a normal case, it should preferably be set at 150 to 350°C, more preferably 180 to 330°C, and 

35 optimally 200 to 300°C. 

[0218] In the present invention, while the above described ranges can be designated as desirable numerical ranges 
of the mixing ratio of the diluting gases, the gas pressure, the discharge power and the substrate temperature for the 
purpose of forming the intermediate layer, these layer formation factors should not be determined independently and 
separately under normal circumstances, and so it is desirable to determine the optimum values of the layer formation 

40 factors based on the mutual and organic relationship in order to form the surface layer having the desired characteristics. 
[0219] FIG. 9 is a schematic diagram for describing the layer constitution of a photovoltaic element produced by the 
present invention. A photovoltaic element 9600 shown in FIG. 9 has the constitution wherein a light reflection layer 
9602, an n-type layer 9603, an i-type layer 9604, a p-type layer 9605 and a clear or transparent electrode layer 9606 
are laminated on a substrate 9601 in this order and a collecting electrode 9607 is formed on the clear electrode layer 

45 9606. The light is irradiated to the photovoltaic element 9600 from the clear electrode layer 9606 side. 

(Substrate) 

[0220] The substrate may be comprised of a single conductive material, or it may be a substrate comprised of insu- 
50 lating materials or conductive materials having a conductive layer formed thereon. As for the conductive materials, for 
instance, metals such as a plated steel sheet, NiCr, stainless steel, Al, Cr, Mo, Au, Nb, Ta, V, Ti, Pt, Pb and Sn, or their 
alloys can be named. 

[0221] As for the insulating materials, the synthetic resins such as polyester, polyethylene, polycarbonate, cellulose 
acetate, polypropylene, polyvinyl chloride, polyvinylidene chloride, polystyrene and polyamide, or glass and ceramics 
55 and so on can be named. These insulating substrates may have the conductive layer at least on one of the surfaces 
thereof, and the semiconductor layer of the present invention is formed on the surface having the conductive layer 
formed. 

[0222] For instance, in the case of the glass, a conductive layer comprised of the materials such as NiCr, Al, Ag, Cr, 
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Mo, Ir, Nb, Ta, V, Ti, Pt, Pb, ln 2 0 3 , ITO and ZnO or their alloys is formed on the surface, and in the case of a synthetic 
resin sheet such as a polyester film, a conductive layer comprised of the materials such as NiCr, Al, Cr, Ag, Pb, Mo, 
Au, Nb, Ta, V, Tl and Pt or their alloys is formed on the surface, and in the case of the stainless steel, a conductive 
layer comprised of the materials such as NiCr, Al, Ag, Cr, Mo, Ir, Nb, Ta, V, Ti, Pt, Pb, ln 2 0 3 , ITO and ZnO or their 
5 alloys is formed. As for the formation method, the vacuum evaporation method, sputtering method and screen printing 
method can be named. 

[0223] It is desirable that the surface shape of the substrate should be smooth or uneven (texture) with a maximum 
mountain height of 0.1 to 1.0 urn. For instance, as one method of texturizing the surface of the stainless steel substrate, 
there is the method of performing an etching process on the substrate to be processed by using an acid solution. As 
to for the substrate thickness, while it is determined as appropriate to form the desired photovoltaic element, it may be 
rendered as thin as possible within the range capable of sufficiently showing functions as the substrate in the case 
where flexibility as the photovoltaic element is required. However, it should usually be 1 0 u,m from the viewpoint of the 
mechanical strength in terms of the manufacturing and handling. 

*s (Light reflection layer) 

[0224] A desirableform of the substrate in the photovoltaic element of the present invention may have on the substrate 
a conductive layer (light reflection layer) comprised of a metal of a high reflection factor with near infrared radiation 
from visible rays of Ag, Al, Cu, AISi, CuMg and so on. It is suitable to form the light reflection layer by a method of 

20 electrolytic deposition from an aqueous solution such as the vacuum evaporation method and sputtering method. As 
for the layer thickness of these metals as the light reflection layer, it is preferably 1 0 nm to 5,000 nm. 
[0225] A further desirable form of the substrate in the photovoltaic element of the present invention may have on the 
light reflection layer a clear or transparent conductive layer comprised of ZnO, Sn0 2 , ln 2 0 3 , ITO, T10 2 , CdO, Cd 2 Sn0 4 , 
Bi 2 0 3 , Mo0 3> Na x W0 3 and so on. As for the method of forming a clear conductive film, the suitable methods are the 

25 vacuum evaporation method, sputtering method, electrolytic deposition method, CVD method, spray method, spin-on 
method, dipping method and so on. In addition, while the optimum layer thickness is different according to a refractive 
index of the clear conductive layer, the preferable range of the layer thickness is 50 nm to 10 ^.m. Furthermore, to 
texturize the clear conductive layer, the temperature for forming the clear conductive layer may be made 200 degrees 
or more in the case of the sputtering method for instance. Moreover, it is effective, in any formation method, to perform 

30 the etching on the surface with a weak acid after forming the film from the viewpoint of improving the effects of textur- 
izing. 

(Doping layer (n-type layer, p-type layer)) 

35 [0226] A doping layer is comprised of amorphous silicon or microcrystal silicon semiconductors. As for the amorphous 
silicon semiconductors, there are a-Si: H, a-SiC: H, a-SiO: H, a-SiN: H, a-SiCO: H, a-SiON: H, a-SiNC: H, a-SiCON: 
H and so on, and as for the microcrystal silicon semiconductors, there are u.c-Si: H, jic-SiC: H, u,c-SiO: H, ux-SiN: H, 
^ic-SiCO: H, u-C-SiON: H, uc-SiNC: H, jic-SiCON: H and so on. 

[0227] The hydrogen atoms (H, D) and the halogen atoms (X) contained in the doping layer compensate for unbonded 
40 hands and improve doping efficiency, and the optimum value of the content thereof is 0.1 to 30 atom percent. In par- 
ticular, in the case where the doping layer contains the microcrystal silicon, the optimum value is 0.01 to 1 0 atom percent. 
[0228] On the other hand, in the case where the doping layer contains the carbon, oxygen and nitrogen atoms, the 
preferable range as to the content thereof is 0.1 atom ppm to 20 atom percent. 

[0229] It is necessary forthe doping layer to contain the atoms for controlling the conductivity for the sake of rendering 
the conductivity type as the p-type or n-type, and an amount thereof introduced should preferably be within the range 
of 1 ,000 atom ppm to 1 0 atom percent. 

[0230] In the case of forming a p-type or n-type layer suited to the photovoltaic element, it is suitable to set the 

substrate temperature at 100 to 400°C and the pressure at 0.05 to 15Pa in a deposition chamber. 

[0231] As for the material gases, there are compounds containing the silicon atoms and gasifiable, such as SiH 4 , 

50 Si 2 H 6 , SiF 4 , SiFH 3 , SiF 2 H 2 , SiF 3 H, SiH 3 D, SiFD 3 , SiF 2 D 2 , SiD 3 H and Si 2 D 3 H 3 , and they can be used by adding the 
impurities for controlling valence electrons, that is, boron compounds such as B 2 H 6 and BF 3 for the n-type and phos- 
phorous compounds such as PH3 for the p-type. In addition it is feasible to introduce the above described gasifiable 
compounds by diluting them as appropriate with gases such as H 2 , He, Ne, Ar, Xe and Kr. In particular, in the case of 
depositing the layer whose optical absorption is little or band gap is wide, such as the microcrystal silicon semiconductor 

55 or a-SiC: H, it is desirable to dilute the material gase with hydrogen gas by 2 to 1 00 times so as to introduce the relatively 
high power. 
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(i-type layer) 

[0232] In the photovoltaic element, the i-type layer is an important layer for generating and transporting the carriers 
when exposed to irradiation, and is comprised of the amorphous silicon or microcrystal silicon semiconductors. As for 
5 the amorphous silicon semiconductors, there area-Si: H, a-SiC: H, a-SiO: H, a-SiN: H, a-SiCO: H, a-SiON: H, a-SiNC: 
H, a-SiCON: H and so on, and as for the microcrystal silicon semiconductors, there are ux-Si: H, ux-SiC: H, ux-SiO: 
H, ux-SiN: H, ux-SiCO; H, ux-SiON: H, ux-SiNC: H, ux-SiCON: H and so on. As for the i-type layer, those that are 
slightly the p-type or slightly the n-type may also be used. 

[0233] In addition, it is preferable that a valence electron control material to be a donor and a valence electron control 

10 material to be an acceptor should simultaneously be doped into the i-type layer. 

[0234] The hydrogen atoms (H, D) or the halogen atoms (X) contained in the i-type layer compensate for unbonded 
hands in the i-type layer and improve the product of a degree of carrier movement and life in the i-type. Moreover, they 
have the effects of compensating for an interface level of each interface of the p-type and i-type layers and improving 
a photovoltaic force, a photoelectric current and optical responsiveness of the photovoltaic element. The optimum 

is content of the hydrogen atoms and/or the halogen atoms contained in the i-type layer is 1 to 40 atom percent. In 
particular, a preferable distribution state is one in which much of the content of the hydrogen atoms and/or the halogen 
atoms is distributed on each interface side of the p-type and i-type layers, and the preferable range of the content of 
the hydrogen atoms and/or the halogen atoms in the neighborhood of the interface is 1 .1 to 2 times that in a bulk. 
Furthermore, it is preferable that the content of the hydrogen atoms and/or the halogen atoms changes according to 

20 the content of the silicon atoms. The preferable range of the content of the hydrogen atoms and/or the halogen atoms 
is 1 to 10 percent in the area of the minimum content of the silicon atoms, which is 0.3 to 0.8 times that in the area of 
the maximum content of the hydrogen atoms and/or the halogen atoms. 

[0235] Although the layer thickness of the i-type layer significantly depends on the structure of the photovoltaic ele- 
ment and the band gap of the i-type layer, the optimum layer thickness is 0.05 to 1 .0 u.m. 
25 [0236] In the case of forming the i-type layer suitable for the photovoltaic element, it is preferable to set the substrate 
temperature at 100 to 400°C and the pressure at 0.05 to 15Pa in the reaction container. 

[0237] As for the material gases, the compounds containing the silicon atoms and being gasifiable, such as SiH 4 , 
Si 2 H 6 , SiF 4 , SiFH 3 , SiF 2 H 2 , SiF 3 H, SiH 3 D, SiFD 3 , SiF 2 D 2 , SiD 3 H and Si 2 D 3 H 3 can be named. They can be used by 
adding the impurities for controlling valence electrons, that is, boron compounds such as B 2 H 6 and BF 3 and phospho- 
30 rous compounds such as PH 3 . In addition, it is feasible to introduce the above described gasifiable compounds to the 
deposition chamber by diluting them as appropriate with gases such as H 2 , He, Ne, Ar, Xe and Kr. In particular, in the 
case of depositing the layer whose optical absorption is little or band gap is wide, such as the microcrystal silicon 
semiconductor or a-SiC: H, it is preferable to dilute the material gase with hydrogen gas by 2 to 100 times so as to 
introduce the relatively high power. 

35 

(Clear electrode layer) 

[0238] As for the materials of the clear or transparent electrode layer, an indium oxide (ln 2 0 3 ), a tin oxide (Sn0 2 ) 
and an ITO (In 2 0 3 -Sn0 3 ) are suitable materials, and fluorine may also be contained therein. As for the method of 

40 depositing the clear electrode layer, the sputtering method or the vacuum evaporation method is optimum. 

[0239] For instance, in the case of deposition by the sputtering method, it is used by combining the targets such as 
a metal target or an oxide target, and the preferable range of the substrate temperature is 20 to 600°C. Moreover, the 
gas for sputtering in the case of depositing the clear electrode by the sputtering method, the inert gases such as the 
Ar gas can be named. The rate of depositing the clear electrode depends on the pressure and discharge pressure in 

45 discharge space, and the optimum deposition rate is within the range of 0.01 to 10 nm/sec. 

[0240] It is preferable that the clear electrode should be deposited so as to have a layer thickness enough to satisfy 
requirements of a reflection reducing film. As for the concrete layer thickness of the clear electrode, it is preferably 50 
to 500 nm. 

so (Collecting electrode) 

[0241] In order to have more light incident on the i-type layer that is a photovoltaic layer and efficiently collect gen- 
erated carriers on the electrode, the shape (one seen from an incident direction of the light) and the material of the 
collecting electrode is important. Under normal circumstances, a comb shape is used as the shape of the collecting 
55 electrode, and its line breadth and number of lines are determined by the shape and size of the photovoltaic element 
seen from the light incidence direction and the material of the collecting electrode and so on . The line breadth is normally 
0.1 to 5 mm or so. As for the material of the collecting electrode, Fe, Cr, Ni, Au, Ti, Pd, Ag, Al, Cu, AISi, C (graphite) 
and so on are used, and the metals of little resistivity such as Ag, Cu, Al, Cr and C or their alloys are suitable under 
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normal circumstances. As for the layer structure of the collecting electrode, it may be either comprised of a single layer 
or comprised of a plurality of layers. These metals should preferably be formed by the vacuum evaporation method, 
sputtering method, plating method, printing method and so on. As for the layer thickness, 10 nm to 0.5 mm is suitable. 
[0242] FIG. 1 0A is an example of the schematic diagram of a manufacturing apparatus of electrophotographic pho- 
tosensitive members by a plasma CVD method that is used in the present invention, where FIG. 1 0A is a sideway view 
of a reaction container 102 for accommodating substrates 101 that are articles to be processed and forming the de- 
posited film thereon, and FIG. 1 0B is a cross-sectional view of the apparatus taken in the line 10B-10B. On the same 
circumference having the same central axis as the reaction container 1 02, a plurality of material gas introduction means 
104 and substrates 101 are disposed also serving as discharge electrodes to be placed as if surrounding substrate 
heaters 1 06, and a plurality of substrate supporting means 105 rotatable by a rolling mechanism 111 and a plurality of 
plasma generation high-frequency electrodes 103 are disposed in the reaction container 102. 

[0243] An example of the deposited film formation method according to the present invention implemented by using 
the apparatus shown in FIGS. 10A and 10B will be described below. 

[0244] After placing the substrates 101 in the reaction container 102, evacuation in the reaction container 102 is 
performed by using the exhauster (such as a vacuum pump). After sufficiently exhausting the air from inside the reaction 
container 102, the required gases for heating out of those supplied from the gas cylinders of He, N 2 , Ar, H 2 and so on 
in the gas supply apparatus (not shown) are adjusted to an appropriate flow rate via the pressure regulators and the 
massflow controllers, and are fed into the reaction container 102 via gas piping 107 and the material gas introduction 
means 104. The pressure inside the reaction container 102 after admission of the gases for heating is monitored by 
pressure measurement means 1 08, and is controlled to have the predetermined value by adjusting opening of a throttle 
valve 109 and so on. If a predetermined substrate heating environment is ready, the substrates 101 are indirectly 
heated by the substrate heaters 106 to a predetermined temperature. 

[0245] After completing the predetermined heating, the required gases for deposited film formation out of those 
supplied from the gas cylinders of SiH 4 , H 2 , CH 4 , B 2 H 6 , PH 3 and so on in the gas supply apparatus (not shown) are 
adjusted to the appropriate flow rate via the pressure regulators and the massflow controllers and so on, and are sent 
into the reaction container 102 via the gas piping 107 and the material gas introduction means 104. The pressure in 
the reaction container 102 after admission of the gases for deposited film formation is monitored by the pressure 
measurement means 1 08, and is controlled to be the predetermined value by adjusting the opening of the throttle valve 
109 and so on. If a predetermined deposited film formation environment is ready, a first high-frequency power supply 
1 1 0A and a second high-frequency power supply 1 1 0B of different frequencies are connected, and are once synthesized 
after going through a first matching circuit 1 1 2A and a second matching circuit 1 1 2B respectively and then are branched 
and applied to a plurality of the plasma generation high-frequency electrodes 1 03 so as to generate the plasma. The 
gases for deposited film formation is decomposed by the plasma so as to form deposited films on the substrates 101 . 
[0246] Moreover, while two power supplies capable of outputting two high-frequency powers of different frequencies 
are used in FIG. 10A, there may be three or more power supplies in the case of using three or more frequencies. In 
addition, in the case of using the power supply capable of outputting the high-frequency power having a plurality of 
frequencies synthesized in advance, there may be just one power supply. In consideration of output stability of the 
high-frequency power and so on, however, it is desirable to synthesize the high-frequency powers after the plurality of 
high-frequency powers went through the first and second matching circuit 11 2A and 112B respectively, and as shown 
in FIG. 10A, the constitution is desirable, wherein the high-frequency powers are supplied from the first and second 
high-frequency electrodes 11 OA and 11 0B capable of outputting the high-frequency powers of the respective frequen- 
cies that are used, and the high-frequency powers are synthesized after going through the first and second matching 
circuit 112A and 112B respectively. 

[0247] In addition, as for the means for branching the high-frequency powers used in the present invention, any 
means may be used as far as it is capable of dividing the powers uniformly, but it is desirable to render the distance 
from a branch point of the high-frequency powers to each plasma generation high-frequency power supply equal. 
[0248] Moreover, as shown in FIG. 11 A, it is possible in the present invention to render the effects of the present 
invention more remarkable by disposing an auxiliary matching circuit 401 on the feeding side of each of the plasma 
generation high-frequency electrodes, and while a generally available capacitor such as a ceramic capacitor may be 
used in the case of using the capacitor of the fixed capacity as the auxiliary matching circuit 401 , it may also have the 
constitution wherein thecapacity is provided by putting an insulating member in the transmission routes after branching 
the high-frequency powers. FIG. 11 B is the cross -sectional view of the apparatus taken in the line 11B-11B. 
[0249] While there is no particular limitation on the surface quality of the plasma generation high-frequency electrode 
used in the present invention, it is desirable, in the constitution wherein the plasma generation high-frequency elec- 
trodes 1 03 are disposed inside the reaction container 1 02, that the surface thereof is roughened from the viewpoint of 
preventing film peeling, and to be more specific, it should preferably be within the range from 5 jxm to 200 jxm in 1 0-point 
average roughness (Rz) with reference to 2.5 mm. Furthermore, it is effective to have the surface of the plasma gen- 
eration high-frequency electrode 1 03 covered with the ceramic material from the viewpoint of improving the adhesive- 
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ness of the deposited film. While there is no particular limitation as to the concrete means of coating, the surface may 
be coated by the CVD method or the thermal spraying, for instance, or it is also feasible to have the constitution of 
covering the plasma generation high-frequency electrode 103 with a nonadhesive ceramic member. As for concrete 
ceramic materials, alumina, zirconia, mullite, cordierite, silicon carbide, boron nitride, aluminum nitride and so on can 

5 be named, and among them, alumina, boron nitride and aluminum nitride are preferable since they are good as to the 
electric characteristics such as dielectric dissipation and insulation resistance and absorb little high-frequency power. 
[0250] In addition, as shown in FIG. 1 2A, according to the present invention, it is possible to obtain a more remarkable 
effect by placing the plasma generation high-frequency electrodes 103 outside the reaction container partially com- 
prised of a dielectric member 501 . FIG. 1 2A is an example of the schematic diagram of the apparatus of manufacturing 

10 the electrophotographic photosensitive members by the plasma CVD method in the case of placing the plasma gen- 
eration high-frequency electrodes 103 outside the reaction container 102 partially comprised of the dielectric member 
501 , and on the circumference in the dielectric member 501 having the same central axis as the dielectric member 
501, a plurality of material gas introduction means 104 and substrates 101 are disposed also serving as discharge 
electrodes as if surrounding the substrate heaters 106, and a plurality of substrate supporting means 105 rotatable by 

15 a rolling mechanism 111 are disposed and furthermore, a plurality of the plasma generation high-frequency electrodes 
1 03 are disposed on the circumference outside the dielectric member 501 having the same central axis as the dielectric 
member 501 . Moreover, an earth shield 502 is disposed outside the plasma generation high-frequency electrodes 1 03 
for the purpose of preventing leakage of the high-frequency powers to the outside. FIG. 1 2B is the cross-sectional view 
of the apparatus taken in the line 12B-12B. 

20 [0251 J While there is no particular limitation on the surface quality of the side on which the dielectric member used 
in the present invention is exposed to the plasma, it is desirable that it should be roughened from the viewpoint of 
preventing film peeling, and to be more specific, it should preferably be with in the range from 5 u.m to 200 u.m in 1 0-point 
average roughness (Rz) with reference to 2.5 mm. In addition, it is preferable that the dielectric member 501 should 
be made of the ceramic material, and to be more specific, alumina, zirconia, mullite, cordierite, silicon carbide, boron 

25 nitride, aluminum nitride and so on can be named, and among them, alumina, boron nitride and aluminum nitride are 
preferable since they are good as to the electric characteristics such as dielectric dissipation and insulation resistance 
and absorb little high-frequency power. 

[0252] Moreover, it is possible in the present invention to use a single material gas introduction means 104 due to 
the effects of the present invention as shown in FIG. 13A. FIGs. 13A and 13B are examples of the schematic diagram 

30 describing the apparatus of manufacturing the electrophotographic photosensitive members by the plasma CVD meth- 
od in the case where the material gas introduction means 104 are made one, where one material gas introduction 
means 104 is disposed at the center of the dielectric member 501 also serving as the reaction container, and on the 
circumference in the dielectric member 501 whose central axis is the material gas introduction means 1 04, substrates 
101 are disposed also serving as discharge electrodes as if surrounding the substrate heaters 106, and a plurality of 

35 the substrate supporting means 1 05 rotatable by a rolling mechanism 111 are disposed and furthermore, a plurality of 
the plasma generation high-frequency electrodes 1 03 are disposed on the circumference outside the dielectric member 
having the same central axis as the dielectric member 501. Moreover, an earth shield 502 is disposed outside the 
plasma generation high-frequency electrodes 103 for the purpose of preventing the leakage of the high-frequency 
powers to the outside. FIG. 13B is the cross-sectional view of the apparatus taken in the line 13B-13B. 

40 [0253] In addition, it is preferable that the material gas introduction means used in the present invention should be 
placed in parallel with the substrate from the viewpoint of preventing film thickness from becoming uneven. Furthermore, 
it is preferable that the surface of the material gas introduction means should be roughened from the viewpoint of 
preventing film peeling, and to be more specific, it should preferably be within the range from 5 \im to 200 u,m in 1 0-point 
average roughness (Rz) with reference to 2.5 mm. 

45 

Embodiments 

[0254] The vacuum processing method of the present invention will be described further in detail hereafter by showing 
its embodiments. However, the scope of the present invention will by no means be restricted by these embodiments. 
50 [0255] First, the following first to fifth exemplary experiments conducted to verify the effects obtainable from the 
present invention will be described. 

(Exemplary experiment 1) 

55 [0256] In this exemplary experiment, the apparatus shown in FIG. 2 was used to form the amorphous silicon deposited 
film on the conditions shown in Table 1 . Polished glass (Corning #7059) of 1 x 1 .5 inches (25 x 38 mm) was used as 
the substrate to be processed 2113, and this was installed as the 10 substrates of 1 x 1.5 inches (25 x 380 mm) 
arranged in the lengthwise direction at the center of the substrate stage 2120 of which length in the longer direction is 
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450 mm. The high-frequency power electrode 2114 is an alumina-sprayed stainless bar of which diameter is 10 mm 
and length is 500 mm, which was placed in parallel with the substrate 2113 at a distance of 60 mm therefrom. 
[0257] The high-frequency power supplies 2116 and 2117 are comprised of a signal generator and amplifier respec- 
tively, and have a constitution capable of changing the oscillation frequencies. The amplifier of a first high-frequency 
power supply 2116 was adjusted to be capable of amplifying 50 MHz, and that of a second high-frequency power 
supply 211 7 was adjusted to be capable of amplifying 30 MHz. 

[0258] The apparatuses thus configured were used to form a deposited film as outlined below. 
[0259] First, the reaction container 21 1 1 was evacuated through an exhaust pipe 21 1 2 by an evacuation system not 
shown . Subsequently, the substrate 21 1 3 was heated and controlled to reach 250°C by a heating element 21 20a while 
supplying Ar gas of which flow rate is 500ml/min (normal) into a reaction container 2111 from a material gas supply 
means 2118. 

[0260] Next, after the supply of the Ar gas was stopped and the reaction container 2111 was evacuated by the 
evacuation system not shown, the deposited film composed of hydrogenated amorphous silicon was deposited on the 
substrate 21 1 3 by 1 u.m or so on the deposited film formation conditions shown in Table 1 . At this time, the deposited 
film was formed at nine different power ratios by setting the total power of the two high-frequency power supplies 2116 
and 2117 to be 500 W and changing the ratio of the power (power ratio) supplied from the second high-frequency 
power supply 21 1 7 to the total power to be 0 to 1 as shown in FIG. 4. 

[0261] After forming the deposited film, the reaction container 2111 was purged with Ar gas, and then the deposited 
film was taken out by leaking N 2 gas, and a comb-shaped mask having a gap of 250 u.m was put on the deposited film 
so as to forrn a comb-shaped electrode on the surface of this deposited film by depositing Cr of 1 ,000A in the normal 
vacuum evaporation method. 



(Table 1) 



Gas type and flow rate 




SiH 4 (ml/min (normal)) 


120 


H 2 (ml/min (normal)) 


50 


Substrate temperature (°C) 


250 


Internal pressure (Pa) 


0.7 


1st high-frequency power f1 (MHz) 


50 


2nd high-frequency power f2 (MHz) 


30 


Total power (W) 


500 


Power ratio P2/(P1 + P2) 


OtO 1 (*1) 


Film thickness (\im) 


1 



(*1)See FIG. 4. 



[0262] Next, the photosensitivity of the deposited film was evaluated. Here, the photosensitivity is defined by using 
light conductivity ap and dark conductivity ad. 

[0263] The light conductivity ap is the conductivity when an He-Ne laser (wavelength 632.8 nm) of 1 mW/cm 2 strength 
is irradiated, and the dark conductivity od is the conductivity when no light is irradiated. At this time, the photosensitivity 
is represented by the ratio between them, but the comparison is not simple because the conductivity value may change 
in a few digits, so that it is defined as follows. 

Photosensitivity = log (ap/ad) 

[0264] It shows that the higher this photosensitivity value is, the better the deposited film characteristics are. 
[0265] It is possible to evaluate the uniformity of the deposited film in the longer direction by performing such meas- 
urement on the ten substrates 2113. Of the ten substrates, the ratio between the portion of the best photosensitivity 
and the portion of the worst photosensitivity was evaluated as the unevenness of the photosensitivity in the longer 
direction. 

[0266] The obtained evaluation results are shown in FIG. 4. FIG. 4 represents the degree of the "unevenness" in the 
case of taking as an abscissa axis P2/(P1 + P2) = 0, i.e., the ratio of the second high frequency power based on the 
value of the unevenness in the longer direction of the deposited film formed by only using the high-frequency power 
of 50 MHz. FIG. 4 shows that the degree of the "unevenness" is good in the case where the value of the photosensitivity 
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unevenness is lower than 1 , and the degree of the "unevenness" is bad in the case where the value is higher than 1 . 
[0267] From the results shown in FIG. 4, it was found out that the "unevenness" is a little in such a range that the 
ratio of the high-frequency power (30 MHz) supplied from the second high-frequency power 211 7 to the total power is 
0.1 to 0.9, and in particular, the "unevenness" is less in such a range that the ratio is 0.2 to 0.7 so that the effects of 

5 the present invention can be exhibited to the maximum. 

[0268] In addition, although almost no influence appeared on the results with the apparatus and processing conditions 
used in this exemplary experiment, a matching adjustment had to be made several times in the case where the ratio 
of the high-frequency power supplied from the second high-frequency power 21 1 7 was 0.7 or higher. This is considered 
to be a sign that the discharge situation may become unstable. On the other hand, in the case where the above ratio 

10 is 0.6 or lower, almost no adjustment was required after making the matching adjustment once. As s result of this 
experiment, it was verified that there are desirable ratios of the high-frequency powers of different frequencies and the 
range is "f2/f 1 n or lower. 

[0269] As mentioned above, it was verified by the present invention that it is possible to reduce the characteristic 
unevenness of the deposited film. 

15 

(Exemplary experiment 2) 



[0270] In this exemplary experiment, the apparatus shown in FIG. 2 was used to form a hydrogenated amorphous 
silicon carbide film. The, placement of the substrates 2113, the high-frequency power electrode 2114 and so on was 
20 the same as the exemplary experiment 1 . 

[0271] For the high-frequency power supplies 21 1 6 and 211 7, those comprised of the signal generator and the am- 
plifier capable of changing the frequencies were used just as in the exemplary experiment 1 , and the oscillation fre- 
quencies thereof were variously changed to conduct this exemplary experiment. 

[0272] In this exemplary experiment, the total power of the first high-frequency power supplied from the first high^ 
25 frequency power supply 2116 and the second high-frequency power supplied from the second high-frequency power 

supply 2117 was 400 W, and the ratio of the second high-frequency power to the total power was 0.4. As for the 

frequencies, the frequency f1 of the first high-frequency power was changed to be in the range of 1 0 MHz to 300 MHz 

and the frequency f2 of the second high-frequency power was so changed as to be 0.6 times as high as f1. When 

changing the frequencies, the amplifier and the matching box 2115 were optimized. 
30 [0273] The high-frequency power supplies 2116 and 21 17 thus set were used to perform the film deposition on the 

conditions shown in Table 2 so as to deposit the hydrogenated amorphous silicon carbide film of which film thickness 

is 1 u.m on the substrate 2113. 



(Table 2) 



Gas type and flow rate 




SiH 4 (ml/min (normal)) 


25 


CH 4 (ml/min (normal)) 


75 


Substrate temperature (°C) 


230 


Internal pressure (Pa) 


10 


1st high-frequency power f1 (MHz) 


1 0 to 300 (*2) 


2nd high-frequency power f2 (MHz) 


0.6 times f 1 


Total power (W) 


400 


Power ratio P2/(P1 + P2) 


0.4 


Film thickness (urn) 


1 



f2) See FIGS. 5 and 6. 

50 

[0274] First, for the substrate at the center, the deposition rate in the case of this exemplary experiment was esti- 
mated. The results thereof are shown in FIG. 5. 

[0275] In FIG. 5, the abscissa axis measures f1 and f2, and the ordinate axis measures relative values of the dep- 
osition rate based on the deposition rate in the case where the frequency f1 is 10 MHz (f2 is 6 MHz). As seen from 
55 FIG. 5, the deposition rate increases as the frequency becomes higher. It was found that, in particular, the deposition 
rate remarkably increases in such a range that both the two high frequencies f1 and f2 exceed 30 MHz. 
[0276] Next, an optical energy band gap (Egopt) of the deposited films formed by this exemplary experiment was 
evaluated. A spectrophotometer for the ultraviolet and visible region (V-570 manufactured by Nippon Bunko) was used 
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10 



15 



20 



for measurement and the wavelength range was 250 to 2,500 nm. The Egopt was obtained by using the ordinary Tauc 
plot (the relation between hv and (ahv) 1/2 is obtained, and the value of an intercept of an hv axis is defined as Egopt) 
based on an absorption coefficient a in each acquired wavelength. 

[0277] It is possible to evaluate the uniformity of the deposited films in the longer direction by performing this meas- 
urement on the ten substrates 2113. Of the measured values of the ten substrates 2113, the difference between the 
portion in which the Egopt is the largest and the portion in which it is the smallest was considered as the unevenness 
of the Egopt in the longer direction. The evaluation was made as to the respective deposited films of different frequen- 
cies of the high-frequency powers used on formation. 

[0278] The obtained evaluation results are shown in FIG. 6. FIG. 6 represents the degree of the "unevenness" in the 
case where the abscissa axis is of the frequency of the high-frequency power (FIG. 6 shows only f1) based on the 
value of the unevenness in the longer direction of the deposited films formed on the condition that the frequency f1 of 
the high-frequency power is 10 MHz (f2 is 6 MHz). It shows that the degree of the "unevenness" is good in the case 
where the value of the "unevenness" of the vertical axis is less than 1 , and it is bad in the case where the value is 
higher than 1. 

[0279] As seen from FIG. 6, the degree of the "unevenness" becomes good in the case where the frequencies f1 
and f2 are 10 MHz to 250 MHz, and in particular, it becomes still better in the case where they are 30 MHz to 250 MHz. 
[0280] As mentioned above, it was verified that using the present invention, it is possible to reduce the characteristic 
unevenness of the deposited films while improving the deposition rate, and it was found out that the desirable range 
of the frequencies of the high-frequency powers is 10 MHz to 250 MHz, and in particular, the effects of the present 
invention can be exhibited to the maximum in the range of 30 MHz to 250 MHz. 



(Exemplary experiment 3) 



25 



30 



35 



40 



45 



50 



[0281] In this exemplary experiment, the apparatus shown in FIG. 2 was used to form the amorphous silicon deposited 
film. The placement of the substrates 2113, the high-frequency power electrode 2114 and so on was the same as the 
exemplary experiment 1 . 

[0282] In this exemplary experiment, the experiment was performed by fixing the oscillation frequency f 1 of the first 
high-frequency power supply 21 16 at 100 MHz and variously changing the oscillation frequency f2 of the second high- 
frequency power supply 2117. For the high-frequency power supplies 2116 and 2117, those comprised of the signal 
generator and the amplifier capable of changing the frequencies were used just as in the exemplary experiment 1 , and 
adjustments were made to the amplifier and the matching box 21 1 5 each time the oscillation frequency f2 of the second 
high-frequency power supply 2117 was changed. 

[0283] In this exemplary experiment, the total power of the first high-frequency power supplied from the first high- 
frequency power supply 2116 and the second high-frequency power supplied from the second high-frequency power 
supply 21 1 7 was 500 W, and the ratio of the second high-frequency power to the total power was 0.3. The oscillation 
frequency f2 of the second high-frequency power supply 21 1 7 was changed to eight different frequencies from 1 0 MHz 
to 95 MHz, and the hydrogenated amorphous silicon deposited film was formed on the conditions shown in Table 3, 
and taken out just as in the exemplary experiment 1 , then the comb-shaped electrode was formed on the deposited 
film thereafter. 

(Table 3) 



55 



Gas type and flow rate 
SiH 4 (ml/min (normal)) 
H 2 (ml/min (normal)) 


100 
100 


Substrate temperature (°C) 


260 


Internal pressure (Pa) 


0.7 


1st high-frequency power f1 (MHz) 


100 


2nd high-frequency power f2 (MHz) 


10 to 95(*3) 


Total power (W) 


500 


! Power ratio P2/(P1 + P2) 


0.3 


Film thickness (urn) 


1 



(*3) See FIG. 7. 
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(Exemplary experiment for comparison 1) 

[0284] The amorphous silicon deposited film was formed by using the apparatus shown in FIG. 2 as an example for 
comparison just as in this exemplary experiment. 

5 [0285] In order to verify the effects of superimposing the second high-frequency power on the first high-frequency 
power, only the first high-frequency power supply 211 6 of which oscillation frequency f1 is 100 MHz was used as the 
high-frequency power to be applied excluding the second high-frequency power supply 211 7. The total power value, 
i.e., the power value P1 , of the high-frequency power in this case was 500 W which is the same as in the exemplary 
experiments. The film deposition was carried out on the conditions shown in FIG. 3 to form the amorphous silicon film 

10 of which thickness was about 1 u.m on the substrate 21 1 3. 

[0286] Next, evaluation was made on the unevenness of the photosensitivity of the deposited films formed in the 
exemplary experiments and this exemplary experiment for comparison. The evaluation method was the same as that 
of the exemplary experiment 1 . 

[0287] The obtained evaluation results are shown in FIG. 7. FIG. 7 represents the degree of the "unevenness" in the 
15 case where the abscissa axis is of the frequency of the second high-frequency power, based on the value of unevenness 
in the longer direction of the deposited film formed in this exemplary experiment for comparison. It shows that the 
degree of the "unevenness" is better than the exemplary experiment for comparison in the case where the value of 
the photosensitivity unevenness is lower than 1 , and the degree of the "unevenness" is worse than that in the case 
where the value is higher than 1 . 
20 [0288] From the results shown in FIG. 7, it was found that the photosensitivity unevenness could be suppressed in 
the case where the frequency f2 is in the range of 10 to 95 MHz, and in particular, the photosensitivity unevenness 
could further be suppressed in the case where the frequency f2 is in the range of 53 to 90 MHz. 
[0289] From the above results, it was verified that the effects of the present invention are obtained in the case where 
the frequency of the second high-frequency power is at least 10 MHz and less than the frequency of the first high;- 
25 frequency power, and the frequencies f1 and f2 should preferably satisfy the following relation: 

0.5 < f2/f1 < 0.9 

30 (Exemplary experiment 4) 

[0290] In this exemplary experiment, the apparatus shown in FIG. 2 was used to form the amorphous silicon deposited 
film. At this time, the third high-frequency power supply (not shown) was further connected to the matching box 2115. 
In addition, the placement of the substrates 2113 and the high-frequency power electrode 2114 and so on was the 

35 same as in the exemplary experiment 1 . 

[0291] In this exemplary experiment, the deposition conditions as shown in Table 1 (deposition conditions of the 
exemplary experiment 1) were used. However, the power ratio of the second high-frequency power (30 MHz) to the 
total power was set at "0.6" that is the condition of the lowest degree of the "unevenness" in the exemplary experiment 
1 . To be more specific, the power of the first high-frequency power (50 MHz) was 200 W, and the power of the second 

40 high-frequency power (30 MHz) was 300 W. 

[0292] In this exemplary experiment, the amorphous silicon film of which thickness is 1 urn was deposited on the 
substrate 2113 in a state that the third high-frequency power of which frequency is 70 MHz and power value is 70 W 
was further added. 

[0293] The film obtained was evaluated in the same way as in the exemplary experiment 1 and compared with the 
45 evaluation results of the "unevenness" in the conditions equivalent to those in the exemplary experiment 1 . As a result, 
the unevenness characteristic was improved by about 5 percent when compared with that in the equivalent conditions. 
[0294] Thus, it was verified that the effects of the present invention couid be obtained by superimposing at least two 
high-frequency powers of different frequencies, and also obtained by further adding a high-frequency power of a dif- 
ferent frequency thereto. 

so 

(Exemplary experiment 5) 

[0295] In this exemplary experiment, the apparatus shown in FIG. 2 was used to form the hydrogenated amorphous 
silicon carbide film. At this time, the placement of the substrates 2113 and the high-frequency power electrode 2114 
55 and so on was the same as the exemplary experiment 1 . 

[0296] In the high-frequency power supplies, the third high-frequency power (not shown) was used in addition to the 
first high-frequency power supply 2116 and the second high-frequency power supply 2117 as in FIG. 2. With the first 
high-frequency power, the frequency f1 was 120 MHz, and the output was 400 W. With the second high-frequency 
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power, the frequency f2 was 80 MHz, and the output was 600 W. These two powers were supplied to the high-frequency 
power electrode 2114 in the reaction container 2111 via the matching box 2115 as shown in FIG. 2. 
[0297] On the other hand, with the third high-frequency power supplied from the third high-frequency power supply, 
the frequency f3 was 400 kHz, and the output was 300 W. This third high-frequency power was directly supplied to the 

5 high-frequency power electrode 2114 via no matching box. 

[0298] The deposited film was formed on the conditions shown in Table 4 by using the apparatus thus constituted, 
and the hydrogenated amorphous silicon carbide film of which thickness is 1 ujti was deposited on the substrate 2113. 
In addition, the hydrogenated amorphous silicon carbide was deposited on the substrate 21 1 3 in the same constitution 
except for the third high-frequency power supply and on the same deposition conditions as above. 

w [0299] As for the obtained deposited film, the unevenness in the longer direction was evaluated by the same method 
as that of the exemplary experiment 2. It was found out, however, that there was no change depending on whether or 
not the third high-frequency power is applied, and both of the deposited films were high in uniformity without "uneven- 
ness". 

[0300] On the other hand, in orderto simply examine the hardness of the obtained films, a scratch test was conducted 
15 to compare the scraping degree when scratched with a diamond pen by a certain force, and it was found out that the 
film formed by applying the third high-frequency power was harder. 

[0301] From the above, it was verified that even if the high-frequency power exceeding the frequency range in the 
present invention is added to the constitution capable of obtaining the effects of the present invention, it will have no 
influence on the effects of the present invention. It was verified, for instance, that it is no problem to add a further high- 
20 frequency power when forming the films in expectation of effects (such as improving the hardness of the deposited 
films) other than those of the present invention. 



(Table 4) 


Gas type and flow rate 




SiH 4 (ml/min (normal)) 


5 


CH 4 (ml/min (normal)) 


30 


Substrate temperature (°C) 


230 


Internal pressure (Pa) 


0.8 


1st high-frequency power f1 (MHz) 


120 


2nd high-frequency power f2 (MHz) 


80 


Total power (W) 


1000 


Power ratio P2/(P1 + P2) 


0.4 


3rd high-frequency power f3 (kHz) 


400 


3rd high-frequency power (W) 


300 


Film thickness (u.m) 


1 



[0302] Embodiments in which the present invention is applied will be described beiow. 
(Embodiment 1) 

45 

[0303] In this embodiment, using an apparatus shown in FIG. 3, an electrophotographic photosensitive member with 
multilayer structure was produced on a cylindrical substrate 1113 that was made of aluminum and had a diameter of 
80 mm and a length of 358 mm. 

[0304] The high-frequency electrode 1114 was a cylinder made of SUS (stainless steel), having a diameter of 20 
50 mm, and the exterior of which was covered with an alumina pipe whose inside diameter and outer diameter were 21 
mm and 24 mm respectively. This pipe was made to have such a structure that film peeling was prevented as much 
as possible by making its surface rough through applying blast-processing to the surface of the pipe made of alumina. 
In addition, four cylindrical substrates 1113 were arranged in equal intervals on the same circumference with the high- 
frequency electrode 1114 as a center, and film deposition was performed while rotating each substrate 1113 around a 
55 rotation axis 1121. 

[0305] As a material gas supply tube 111 8 used was an alumina pipe with an inside diameter of 1 0 mm and an outer 
diameter of 13 mm, and had such a structure that an end was sealed and a material gas was supplied from ten gas 
ports with a diameter of 1 .2 mm that were provided on a side wall of the pipe. The installed locations of the material 
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10 



15 



20 



25 



30 



gas supply tubes 1118 were inside a layout circle made by the cylindrical substrate 1113 and the four material gas 
supply tubes 1118 were equidistantly placed on the same circumference with the high-frequency electrode 1114 as a 
center. In addition, each material gas supply tube 1118 was so arranged as to be located near the intermediate position 
of two adjacent cylindrical substrates 1 1 1 3 in the circumferential direction of their arrangement circle. Furthermore, the 
blast processing was applied to the surface of the material gas supply tubes 11 1 8 as well as the pipe covering the high- 
frequency electrode 1114 to make the surface rough. 

[0306] Using the apparatus thus constituted, an electrophotographic photosensitive member comprising a charge 
injection blocking layer, a photoconductive layer, and a surface layer was produced under the conditions shown in 
Table 5. 

(Table 5) 





Gharae iniection blockina laver 

\w* i • op \a w 1 1 ijwwiivi i wiwwf\i i ly lay w i 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


150 


150 


10 


H 2 (ml/min (normal)) 


100 


200 




B 2 H 4 


1000 


1 




(Concentration to SiH 4 : ppm) 








CH 4 (ml/min (normal)) 






30 


NO (ml/min (normal)) 


7 






Substrate temperature (°C) 


230 


230 


230 


Internal pressure (Pa) 


0.7 


0.7 


0.7 


1st high-frequency power f1 (MHz) 


80 


80 


80 


2nd high-frequency power f2 (MHz) 


50 


50 


50 


Total power (W) 


500 


1000 


500 


Power ratio P2/(P1 + P2) 


0.4 


0.4 


0.4 


Film thickness (urn) 


3 


25 


0.6 



35 



40 



45 



50 



55 



[0307] An amorphous silicon photosensitive member obtained was set on a copying machine (Image Runner 5000, 
made by Canon inc.) having been remodeled for tests, and the image density unevenness, the presence or absence 
of photomemory and the axial position dependence thereof were investigated. 

[0308] At the beginning, the image density unevenness was evaluated. First of all, after adjusting the current of a 
main electrifier so that a dark portion potential at a developing apparatus position became constant, image exposure 
was adjusted by using a predetermined white paper of 0.1 or less reflection density as an original so that a light portion 
potential at the developing apparatus position became a predetermined value. Next, a half tone chart (part number: 
FY9-9042, made by Canon Inc.) was put on a manuscript stand, and evaluation was made on the reflection density in 
the entire area on a copied image. 

[0309] In consequence, it turned out that there was no deterioration in the characteristics of the photosensitive mem- 
ber even at the "node" of a standing wave which was considered to be generated when the high frequency power being 
applied was only 80 MHz, and the image density unevenness was very small. 

[0310] Next, photomemory was evaluated. First, after adjusting the main electrifier so that the dark portion potential 
at a developing apparatus position became a predetermined value, image exposure strength was adjusted so that the 
light portion potential at the time of using a predetermined white paper as an original became a predetermined value. 
In this state, evaluation was made on the copied image when a ghost test chart (part number: FY9-9040, made by 
Canon Inc.) on which black circles with 1 .1 reflection density and 5-mm diameter were bonded at 10-mm intervals in 
the generatrix direction of the photosensitive member was put on a manuscript stand, and the half tone chart (part 
number: FY9-9042, made by Canon Inc.) was put on the ghost test chart, by measuring the difference between the 
reflection density of the black circles with the 5-mm diameter on the ghost test chart that were seen on the half tone 
copy and the reflection density of the half tone portion. 

[031 1 ] In consequence, it turned out that similarly to the image density unevenness, the increase of the photomemory 
caused by deterioration in the characteristics of the photosensitive member was not observed even at the position 
considered as a "node" area, but the memory was reduced as a whole. 

[0312] In addition, no image defects were observed in the image obtained. The reason is considered to be that film 
peeling was controlled over the whole reactor chamber 1111. 
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[0313] As described above, it was confirmed that the photosensitive member produced in this embodiment was a 
photosensitive member with excellent image characteristics. 

(Embodiment 2) 

[0314] In this embodiment, an electrophotographic photosensitive member with multilayer structure was produced 
by using the apparatus shown in FIG. 3 on the cylindrical substrate 1113 that was made of aluminum and had a diameter 
of 80 mm and a length of 358 mm. In this case, four cylindrical substrates 1113 were arranged in equal intervals on 
the same circumference with the high-frequency electrode 1114 as a center, and film deposition was performed while 
rotating each substrate 1113 around a rotation axis 1121 as a center. 

[0315] In addition, the installed locations of the material gas supply tubes 1118 were inside a layout circle made by 
the cylindrical substrate 1113 and the four material gas supply tubes 1118 were equidistantly placed on the same 
circumference with the high-frequency electrode 1114 as a center. Furthermore, each material gas supply tube 1118 
was so arranged as to be located near the intermediate position of two adjacent cylindrical substrates 1113 in the 
circumferential direction of their arrangement circle. Moreover, dimensions, materials, etc. of the material gas supply 
tube 1118 were made to be the same as those in Embodiment 1 . 

[0316] In addition, using an assembly constituted as shown in FIG. 1 B, two types of high-frequency power, 100 MHz 
and 60 MHz, were synthesized so that a power ratio (P2/(P1 + P2)) was 0.2, and amplified with a broad band amplifier. 
The high frequency power thus produced was used in this embodiment. Furthermore, a matching box 1115 was adjusted 
in accordance with this constitution of the power supply. 

[0317] Using the apparatus thus constituted, an electrophotographic photosensitive member comprising a charge 
injection blocking layer, a photoconductive layer, and a surface layer was produced under the conditions shown in 
Table 6. 



25 



30 



35 



40 



45 



(Table 6) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


100 


200 


5 


H 2 (ml/min (normal)) 


50 


200 




B 2 H 4 


800 


0.5 




(Concentration to SiH 4 : ppm) 








CH 4 (ml/min (normal)) 






20 


NO (ml/min (normal)) 


5 






Substrate temperature (°C) 


230 


230 


230 


Internal pressure (Pa) 


0.8 


0.8 


0.8 


1st high-frequency power f1 (MHz) 


100 


100 


100 


2nd high-frequency power f2 (MHz) 


60 


60 


60 


Total power (W) 


800 


1500 


600 


Power ratio P2/(P1 + P2) 


0.2 


0.2 


0.2 


Film thickness (ujti) 


3 


25 


0.6 



50 



[0318] The photosensitive member obtained was evaluated in the same way as in Embodiment 1 . 
[0319] In consequence, it was confirmed that according to this embodiment, it was possible to produce a photosen- 
sitive member that had no image density unevenness and good photomemory characteristics without distribution in 
the generatrix direction over the whole surface, and had good electrophotographic characteristics without image defects 
due to film peeling. 



(Embodiment 3) 



55 



[0320] In this embodiment, with using an apparatus shown in FIG. 3, an electrophotographic photosensitive member 
with multilayer structure was produced on a cylindrical substrate 1113 that was made of aluminum and had a diameter 
of 30 mm and a length of 358 mm. In this case, ten cylindrical substrates 1113 were arranged in equal intervals on the 
same circumference with the high-frequency electrode 1114 as a center, and film deposition was performed while 
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rotating each substrate 1113 around a rotation axis 1121 . 

[0321] In addition, the installed locations of the material gas supply tubes 1118 were inside a layout circle made by 
the cylindrical substrate 1113 and the five material gas supply tubes 1118 were equidistantly placed on the same 
circumference with the high-frequency electrode 1114 as a center. Furthermore, each material gas supply tube 1118 
was so arranged as to be located near the intermediate position of two adjacent cylindrical substrates 1113 in the 
circumferential direction of their arrangement circle. Moreover, dimensions, materials, etc. of the material gas supply 
tube 1118 were made to be the same as those in Embodiment 1 . 

[0322] Using the apparatus thus constituted, an electrophotographic photosensitive member was produced under 
the conditions shown in Table 7. 

(Table 7) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


200 


200 


10 


H 2 (ml/min (normal)) 


100 


100 




B 2 H 4 


1000 


0.8 




(Concentration to SiH 4 : ppm) 








CH 4 (ml/min (normal)) 






30 


NO (ml/min (normal)) 


7 






Substrate temperature (°C) 


230 


250 


230 


Internal pressure (Pa) 


0.5 


0.5 


0.5 


1st high-frequency power f1 (MHz) 


120 


120 


120 


2nd high-frequency power f2 (MHz) 


70 


70 


70 


Total power (W) 


600 


1300 


500 


Power ratio P2/(P1 + P2) 


0.3 0.3 


0.3 0.3 


0.3 0.3 


Film thickness (p.m) 


3 


20 


0.6 



[0323] The amorphous silicone photosensitive member that was obtained was set on a copying machine GP-405 
(made by Canon Inc.) having been remodeled, and the image density unevenness, the presence or absence of pho- 
tomemory and the axial position dependence thereof were investigated in the same method as in Embodiment 1 . 
[0324] In consequence, it was confirmed that according to this embodiment, it was possible to produce a photosen- 
sitive member that had no image density unevenness and good photomemory characteristics without distribution in 
the generatrix direction over the whole surface, and had good electrophotographic characteristics without image defects 
due to film peeling. 

(Embodiment 4) 



45 
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[0325] In this embodiment, using an apparatus shown in FIG. 3, an electrophotographic photosensitive member with 
multilayer structure was produced on a cylindrical substrate 1113 that was made of aluminum and had a diameter of 
30 mm and a length of 358 mm. In this case, ten cylindrical substrates 1113 were arranged in equal intervals on the 
same circumference with the high-frequency electrode 1114 as a center, and film deposition was performed while 
rotating each substrate 1113 around a rotation axis 1121 . 

[0326] The installed locations of the material gas supply tubes 1118 were inside a layout circle made by the cylindrical 
substrate 1113 and the five material gas supply tubes 1118 were equidistantly placed on the same circumference with 
the high-frequency electrode 1114 as a center. In addition, each material gas supply tube 1118 was so arranged as to 
be located near the intermediate position of two adjacent cylindrical substrates 1113 in the circumferential direction of 
their arrangement circle. Moreover, dimensions, materials, etc. of the material gas supply tubes 1118 were made to 
be the same as those in Embodiment 1 . 

[0327] Furthermore, in this embodiment, as high-frequency power to be applied, a frequency of first high-frequency 
power, f 1 was 90 MHz, a frequency of second high-frequency power f2 was 60 MHz, and a power ratio (P2/(P1 + P2)) 
was set to be 0.5. Moreover, a third high-frequency power whose frequency was 30 MHz was applied so that a power 
ratio of P3/P1 is set to be 0.2, and hence, three types of high-frequency power whose frequencies mutually differed 
were used. In addition, a matching box 1115 was adjusted in accordance with this constitution of the power supply. 
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[0328] Using the apparatus thus constituted, an electrophotographic photosensitive member comprising a charge 
injection blocking layer, a first photoconductive layer, a second photoconductive layer and a surface layer was produced 
under the conditions shown in Table 8. 

s (Table 8) 





Charge injection 
blocking layer 


1 st photoconductive 
layer 


2nd photoconductive 
layer 


Surface I aver 


Gas type and flow rate 
SiH 4 (ml/mi n 
(normal)) 

H 2 (ml/min (normal)) 
B 2 H 4 

(Concentration to 
SiH A : ppm) 

CH 4 (mi/min (normal)) 
NO (ml/min (normal)) 


150 

300 
1000 

10 


150 

300 
1 


100 

300 
0.1 


5 

40 


Substrate 
temperature (°C) 


230 


230 


250 


250 


Internal pressure (pa) 


0.7 


0.7 


0.7 


0.7 


1 et hinh.f rani iQnMi 

loi iiiyn Mt^LjufcMiuy 

power f1 (MHz) 


yu 


yu 


yU 


90 


Onrl hinh-from lon^u 
tL\\\j i iiy i i - i r trLju t;NL^y 

power f 2 (MHz) 


DU 


art 
bu 


DO 


60 


3rd high-frequency 
power f 3 (MHz) 


30 


30 


30 


30 


1st high-frequency 
power P1 (W) 


300 


500 


200 


200 


2nd high-frequency 
power P2 (W) 


300 


500 


200 


200 


3rd high-frequency 
power P3 (W) 


60 


100 


40 


40 


Total power (W) 


660 


1100 


440 


440 


Film thickness (iim) 


3 


12 


5 


0.6 



40 

[0329] Then, the image density unevenness, the presence or absence of photomemory and the axial position de- 
pendence thereof in the amorphous silicone photosensitive member obtained were investigated. First, the amorphous 
silicone photosensitive member obtained was set on the copying machine GP-405 (made by Canon Inc.) remodeled 
for experiments. At the time of copying, a 655-nm laser unit was used for image exposure, a 660-nm LED array was 
4 5 used for electricity removal light, and the process speed (relative speed to other members associated with the rotation 
of the photosensitive member) was made to be 265 mm/sec. In such a copying process, the image density unevenness, 
the presence of photomemory and the axial position dependence thereof were investigated in the same way as in 
Embodiment 1 . 

[0330] In consequence, it was confirmed that according to this embodiment, it was possible to produce a photosen- 
50 sitive member that had no image density unevenness and good photomemory characteristics without distribution in 
the generatrix direction over the whole surface, and had good electrophotographic characteristics without image defects 
due to film peeling. 

(Embodiment 5) 

55 

[0331 ] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
cylinder with a diameter of 80 mm and a length of 358 mm under the conditions shown in Table 9 by supplying high- 
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frequency power with two kinds of frequencies, i.e. 105 MHz (f1) and 50 MHz (f2), to the high-frequency electrode. In 
this case, when a photoconductive layer was formed, the total of two types of high-frequency power was made constant 
and changing the power ratio was changed during the layer formation. Thus, the electrophotographic photosensitive 
member for positive electrification was produced, which is referred to as embodiment 5-1 . 



(Table 9) 



10 



15 



20 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


200 


300 


20 


Ho (ml/min (normal^ 

1 IO III 11/11 llll 11 IWl 1 1 1 d i # 1 








B 2 H 6 (ppm) 


1500 


1.5^0 




(Concentration to SiH 4 ) 








NO (ml/min (normal)) 


10 






CH 4 (ml/min (normal)) 






40 


Pressure (Pa) 


1.3 


1.3 


1.8 


Total power (W) 


1000 


1500 


800 


Power ratio (P2/P1 + P2) 


0.4 


0.4 -> 0.45 


0.4 


Substrate temperature (°C) 


230 


230 


230 


Film thickness (um) 


3 


30 


0.5 



25 



30 



35 



40 



45 



50 



[0332] For comparison to this member, an electrophotographic photosensitive member for positive electrification was 

produced in the same way as in the embodiment 5-1 except that the ratio of two types of high-frequency power was 

fixed at 0.4 when the photoconductive layer was formed, which is referred to as embodiment 5-2. 

[0333] The photosensitive member produced in this manner was installed in a copying machine tR-5000 (made by 

Canon Inc.), and evaluation was made on the characteristics. Evaluation items were "chargeability", "sensitivity", and 

"photomemory", and further, the unevenness of each of them in the generatrix direction was measured. 

[0334] In that time, under the conditions of the process speed of 265 mm/sec, the amount of light in pre-exposure 

(LED with a wavelength of 660 nm) of 4 lx-s, and the current value of 1000 \iA in the electrifier, the surface potential 

of the photosensitive member in a non-exposure state was measured with an potential sensor of a surface electrometer 

(Model 344 made by TREK) set at an electrifier position in the electrophotographic apparatus, which was regarded as 

chargeability. 

[0335] Then, after adjusting the current value of the electrifier so that the surface potential in the non-exposure state 
was set to be 450 V (dark potential), image exposure (laser with a wavelength of 655 nm) was performed. Subsequently, 
the exposure quantity of an image exposure light source was adjusted so that the surface potential became 50 V (light 
potential), which was regarded as sensitivity. 

[0336] In addition, the photosensitive member was so charged as to be the dark potential in the non-exposure state, 
and was exposed with such an exposure quantity that the photosensitive member once became the light potential, 
then brought into the non-exposure state again. In such rocedures, the difference between the surface potential at the 
time the photosensitive member was made to be in the non -exposure state again, and the surface potential just before 
exposure was regarded as photomemory. 

[0337] The photosensitive member was measured for these items over the whole generatrix direction thereof, and 
the rate of the difference between the maximum and minimum values to an average was evaluated as "unevenness 
in the generatrix direction". 

[0338] The evaluation result is shown in Table 10. In Table 10, on the basis of the result of the embodiment 5-2, "AA" 
denotes the improvement of 15% or more : "A" denotes the improvement of 5% to less than 15%, and "B" denotes the 
improvement of less than 5%. 

(Table 10) 





Chargeability 


Sensitivity 


Photo memory 


Unevenness in generatrix direction 


Chargeability 


Sensitivity 


Photomemory 


Embodiment 5-1 


A 


A 


AA 


AA 


A 


AA 


Embodiment 6-1 


AA 


A 


A 


AA 


AA 


A 



55 
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(Table 10) (continued) 





Chargeability 


Sensitivity 


Photo memory 


Unevenness in generatrix direction 


Chargeability 


Sensitivity 


Photomemory 


Embodiment 8-1 


A 


A 


AA 


AA 


AA 


A 


Embodiment 9-1 


AA 


AA 


AA 


AA 


AA 


AA 


Embodiment 
11-1 


AA 


A 


A 


AA 


AA 


A 



[0339] As apparent from Table 1 0, the embodiment 5-1 is superior in all the items. 

[0340] In addition, images formed in Embodiments using the electrophotographic photosensitive member produced 
were excellent ones without photomemory, image density unevenness, image defect, image smearing, etc. 

15 

(Embodiment 6) 

[0341 ] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
20 cylinder with a diameter of 80 mm and a length of 358 mm under the conditions shown in Table 1 1 by supplying high- 
frequency power with two kinds of frequencies, i.e. 105 MHz (f1) and 60 MHz (f2), to the high-frequency electrode. In 
this case, layer formation was performed by changing the power ratio of two high frequencies every layer, producing 
the electrophotographic photosensitive member for positive electrification, which is referred to as embodiment 6-1 . 



(Table 11) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


200 


200 


20 


H 2 (ml/min (normal)) 


200 


1000 




B 2 H 6 (ppm) 


1500 


1 




(Concentration to SiH 4 ) 








NO (ml/min (normal)) 


10 






CH 4 (m!/min (normal)) 






40 


Pressure (Pa) 


1.3 


1.3 


1.8 


Total power (W) 


800 


1200 


800 


Power ratio (P2/P1 + P2) 


0.4 


0.3 


0.5 


Substrate temperature (°C) 


200 


230 


220 


Film thickness (u/n) 


3 


30 


0.5 



[0342] On the other hand, for comparison, an electrophotographic photosensitive member for positive electrification 
was produced under the same conditions as in the embodiment 6-1 except that the high-frequency power ratio was 
fixed at 0.3 in all the layers, which is referred to as an embodiment 6-2. 

[0343] Evaluation was made in the same way as in Embodiment 5 for the photosensitive member produced in the 
above manner. The result obtained is shown in Table 10. In Table 10, on the basis of the result of the embodiment 6-2, 
"AA" denotes the improvement of 15% or more, "A" denotes the improvement of 5% to less than 15% : and "B" denotes 
the improvement of less than 5%. 

[0344] As apparent from Table 1 0, the difference between the embodiments 6-1 and 6-2 was seen in all the items. 
In addition, images formed using the electrophotographic photosensitive member produced in Embodiment 6 were 
excellent ones without photomemory, image density unevenness, image defect, image smearing, etc. 

(Embodiment 7) 

[0345] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
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cylinder with a diameter of 80 mm and a length of 358 mm under the conditions shown in Table 12 by directly supplying 
third high-frequency power of 300 KHz (f3) from a power supply, not shown, without passing a matching box in addition 
to high-frequency power with two kinds of frequencies, i.e. 80 MHz (f 1 ) and 50 MHz (f2), to the high-frequency electrode. 
In this case, layer formation was performed by changing the power ratio (P2/(P1 + P2)) of the high-frequency power 
5 with the frequency of f 1 to the high-frequency power with the frequency of f2 every layer, and the electrophotographic 
photosensitive member for positive electrification was produced. 



(Table 12) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


200 


200 


20 


H 2 (ml/min (normal)) 


200 


1000 




B 2 H 6 (ppm) 


1500 


1 




(Concentration to SiH 4 ) 








NO (ml/min (normal)) 


10 






CH 4 (ml/min (normal)) 






40 


Pressure (Pa) 


1.3 


1.3 


1.8 


Power (P1 + P2) (W) 


800 


1200 


800 


Power ratio (P2/P1 + P2) 


0.4 


0.3 


0.5 


Power (P3) (W) 


200 


200 


200 


Substrate temperature (°C) 


200 


230 


220 


Film thickness (u.m) 


3 


30 


0.5 



[0346] The same evaluation as Embodiment 5 was performed for the photosensitive member produced in the above 
manner, and good result similar to that of Embodiment 1 was obtained. Images formed using the electrophotographic 
30 photosensitive member produced in this embodiment were excellent ones without photomemory, image density une- 
ven n ess, image defect, image smearing, etc. 

(Embodiment 8) 

35 [0347] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
cylinder with a diameter of 1 08 mm and a length of 358 mm under the conditions shown in Table 1 3 by supplying high- 
frequency power with two kinds of frequencies, i.e. 200 MHz (f1) and 105 MHz (f2), to the high-frequency electrode. 
In this case, when a photoconductive layer was formed, the total power was made constant and the power ratio of the 

40 two types of high-frequency power was changed during layer formation, and further, the power ratio was changed every 
layer. The layer formation thus performed produced the electrophotographic photosensitive member for positive elec- 
trification. This is referred to as embodiment 8-1 . 



(Table 13) 



45 




Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Layer region 1 


Layer region 2 




Gas type and flow rate 










50 


SiH 4 (ml/min (normal)) 


150 


300 


300 


20 


H 2 (ml/min (normal)) 


300 


1000 


1000 






B 2 H 6 


1500 


1 


0.3 






(Concentration to SiH 4 ) 












NO (ml/min (normal)) 


5 








55 


CH 4 (ml/min (normal)) 








45 




Pressure (Pa) 


1.3 


1.3 


1.3 


1.3 


Total power (W) 


800 


1200 


1200 


1000 
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(Table 13) (continued) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Layer region 1 


Layer region 2 


Power ratio (P2/P1 + P2) 


0.45 


0.3 


0.4 


0.6 


Substrate temperature (°C) 


200 


230 


230 


200 


Film thickness (um) 


3 


20 


5 


0.5 



10 

[0348] On the other hand, for comparison, an electrophotographic photosensitive member for positive electrification 
was produced under the same conditions as in the embodiment 8-1 except that the ratio of high-frequency power was 
fixed at 0.3 in all the layers, which is referred to as embodiment 8-2. 

[0349] The photosensitive member produced in this manner was installed in a Canon copying machine GP-605 made 
15 by Canon Inc., and evaluation was made on the characteristics. Inthattime, underthe conditions of the process speed 
of 300 mm/sec, the amount of light in pre-exposure (LED with a wavelength of 700 nm) of 4 Ix-s, and the current value 
of 1 000 \iA in the electrifier, the surface potential of the photosensitive member in a non-exposure state was measured 
with an potential sensor of a surface electrometer (Model 344 made by TREK) set in an electrifier position in the 
electrophotographic apparatus, which was regarded as chargeability. 
2 0 [0350] Then, after adjusting the current value of an electrifier so that the surface potential in a non-exposure state 
was set to 400 V (dark potential), image exposure (laser with a wavelength of 680 nm) was performed. Subsequently, 
the exposure quantity of an image exposure light source was adjusted so that the surface potential became 50 V (light 
potential), which was regarded as sensitivity. 

[0351] In addition, the photosensitive member was so charged as to be the dark potential in the non-exposure state, 
25 and was exposed with such an exposure quantity that the photosensitive member once became the light potential, 
then brought into the non-exposure state again. In such procedures, the difference between the surface potential at 
the time when the photosensitive member was made to be in the non-exposure state again, and the surface potential 
just before exposure was regarded as photomemory. 

[0352] The photosensitive member was measured for these items over the whole generatrix direction thereof, and 
30 the rate of the difference between the maximum and minimum values to an average was evaluated as "unevenness 
in the generatrix direction". 

[0353] The evaluation result is shown in Table 1 0. 1 n Table 1 0, on the basis of the result of the embodiment 5-2, "AA" 
denotes the improvement of 15% or more : "A" denotes the improvement of 5% to less than 15%, and "B" denotes the 
improvement of less than 5%. 

35 [0354] As apparent from Table 1 0, the difference between the embodiments 8-1 and 8-2 was seen in all the items. 
[0355] In addition, images formed using the electrophotographic photosensitive member produced in Embodiment 
8 were excellent ones without photomemory, image density unevenness, image defect, image smearing, etc. 

(Embodiment 9) 

40 

[0356] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
cylinder with a diameter of 108 mm and a length of 358 mm underthe conditions shown in Table 14 by supplying high- 
frequency power with two kinds of frequencies, i.e. 105 MHz (f1) and 60 MHz (f2), to the high-frequency electrode. In 
45 this case, when a photoconductive layer was formed, the total power was made constant and the power ratio of the 
two types of high-frequency power during layer formation, and further, the power ratio was changed every layer. The 
layer formation thus performed produced the electrophotographic photosensitive member for positive electrification. 
This is referred to as embodiment 9-1 . 



(Table 14) 







Charge injection blocking 
layer 


Photoconductive layer 


Surface layer 








Layer region 1 


Layer region 2 




55 


Gas type and flow rate 












SiH 4 (ml/min (normal)) 


150 


300 


100 


100 ->20 -*20 



40 
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(Table 14) (continued) 





Charge injection blocking 
layer 


Photoconductive layer 


Surface layer 






Lay ci i c^ivji i i 






H 2 


ouu 


1000 






(ml/min (normal)) 
He (ml/min (normal)) 
B 2 H 6 (ppm) 

(Concentration to SiH 4 ) 
NO (ml/min (normal)) 
ori^, ^riii/min \nonnai/y 


1500 
5 


1 


1000 


U — ? H\J — t HO 




1 .3 


1.3 


1.3 


1 .3 


Total power (W) 


800 


1500 


600 


1000 


Power ratio (P2/P1 + P2) 


0.45 


0.3 -> 0.35 


0.2 


0.5 -> 0.6 


Substrate temperature 
PC) 


210 


220 


200 


200 


Film thickness (urn) 


3 


25 


3 


0.5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



[0357] On the other hand, for comparison, an electrophotographic photosensitive member for positive electrification 
was produced under the same conditions as in Embodiment 9-1 except that the ratio of high-frequency power was 
fixed at 0.3 in all the layers, which is referred to as embodiment 9-2, 

[0358] The photosensitive member produced in this manner was installed in a copying machine GP-605 made by 
Canon Inc., and evaluation was made on the characteristics in the same way as in Embodiment 8. 
[0359] The evaluation result is shown in Table 10. As apparent from Table 10, the difference between the embodi- 
ments 9-1 and 9-2 was seen in all the items. 

[0360] In addition, images formed using the electrophotographic photosensitive member produced in Embodiment 
9 were excellent ones without photomemory, image density unevenness, image defect, image smearing, etc. 

(Embodiment 10) 

[0361 ] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
cylinder with a diameter of 108 mm and a length of 358 mm under the conditions shown in Table 15 by supplying third 
high-frequency power of 500 KHz (f3) from a power supply, not shown, without passing a matching box in addition to 
high-frequency power with two kinds of frequencies, i.e. 80 MHz (f1) and 50 MHz (f2), to the high-frequency electrode. 
In this case, layer formation was performed by changing the power ratio (P2/(P1 + P2)) of the high-frequency power 
with the frequency of f1 to the high-frequency power with the frequency of f2 every layer region, and the electropho- 
tographic photosensitive member for positive electrification was produced. 

(Table 15) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Layer region 1 


Layer region 2 


Gas type and flow rate 










SiH 4 (ml/min (normal)) 


150 


300 


300 


20 


H 2 (ml/min (normal)) 


300 


1000 


1000 




B 2 H 6 (ppm) 


1500 


1 


0.3 




(Concentration to SiH 4 ) 










NO (ml/min (normal)) 


5 








CH 4 (ml/min (normal)) 








45 


Pressure (Pa) 


1.3 


1.3 


1.3 


1.3 



55 
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(Table 15) (continued) 





Charae injection blockinci lav/pr 


Photoconductive layer 


OUIIaUc IclycF 


Layer region 1 


Layer region 2 


Power (P1 + 92) (W) 


800 


1200 


1200 


1000 


Power ratio (P2/P1 + P2) 


0.45 


0.3 


0.4 


0.6 


Power (P3) (W) 


200 


300 


200 


150 


Substrate temperature (°C) 


200 


230 


230 


200 


Film thickness (fim) 


3 


20 


5 


0.5 



[0362] The same evaluation as Embodiment 8 was performed for the photosensitive member produced in the above 
manner, and good result similar to that of Embodiment 8 was obtained. In addition, images formed using the electro- 
photographic photosensitive member produced in this embodiment were excellent ones without photomemory, image 
density unevenness, image defect, image smearing, etc. 



(Embodiment 11) 

20 

[0363] Using the apparatus with the structure shown in FIG. 3, an electrophotographic photosensitive member com- 
prising a charge injection blocking layer, a photoconductive layer, and a surface layer was produced on an aluminum 
cylinder with a diameter of 30 mm and a length of 358 mm under the conditions shown in Table 1 6 by supplying high- 
frequency power with two kinds of frequencies, that is, 1 50 MHz (f 1 ) and 60 MHz (f2) to the high-frequency electrode. 
25 In this case, layer formation was performed by changing the power ratio of the two types of high-frequency power every 
layer, and the electrophotographic photosensitive member for negative electrification was produced. This is referred 
to as embodiment 11-1. 



(Table 16) 



30 




Charge injection 
blocking layer 


Photocond uctive layer 


Intermed iate layer 


Surface layer 




Gas type and flow 
rate 










35 
40 


S»H 4 (ml/min 
(normal)) 

H 2 (ml/min (normal)) 
B 2 H 6 (ppm) 
(Concentration to 
SiH 4 ) 

NO (ml/min (normal)) 
CH 4 (ml/min 
(normal)) 


200 
200 

20 


300 
1000 


100 
500 

100 


1 00 -> 20 -» 20 
0 -> 40 -» 45 


45 


Pressure (Pa) 


1.3 


1.3 


1.5 


1.5 


Total power (W) 


800 


1200 


800 


600 




Power ratio (P2/P1 + 
P2) 


0.35 


0.25 


0.5 


0.6 ->0.7 


50 


Substrate 
temperature (°C) 


230 


230 


200 


200 




Film thickness (urn) 


3 


20 


0.2 


0.5 



[0364] On the other hand, for comparison, an electrophotographic photosensitive member for negative electrification 
was produced under the same conditions as those in the embodiment 11-1 except that the ratio of high-frequency 
power was fixed at 0.25 in all the layers. This is referred to as embodiment 11-2. 

[0365] The photosensitive member produced in this manner was installed in a copying machine GP-215 made by 
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Canon Inc., and evaluation was made on the characteristics. 

[0366] In that time, under the conditions of the process speed of 200 mm/sec, the amount of light in pre-exposure 
(LED with a wavelength of 680 nm) of 4 lx-s, and the current value of 1000 u^V in the electrifier, the surface potential 
of the photosensitive member in a non-exposure state was measured with an potential sensor of a surface electrometer 
5 (Model 344 made by TR EK) set at an electrifier position in the electrophotographic apparatus, which was regarded as 
chargeability. 

[0367] Then, after adjusting the current value of an electrifier so that the surface potential in a non-exposure state 
was set to be 400 V (dark potential), image exposure (laser with a wavelength of 660 nm) was performed. Subsequently, 
the exposure quantity of an image exposure light source was adjusted so that the surface potential might become 50 

10 V (light potential), which was regarded as sensitivity. 

[0368] In addition, the photosensitive member was so charged as to be the dark potential in the non-exposure state, 
and was exposed with such an exposure quantity that the photosensitive member once became the light potential, 
then brought into the non-exposure state again. In such procedures, the difference between the surface potential at 
the time when the photosensitive member was made to be in the non-exposure state again, and the surface potential 

15 just before exposure was regarded as photomemory, 

[0369] The photosensitive member was measured for these items over the whole generatrix direction thereof, and 
the rate of the difference between the maximum and minimum values to an average was evaluated as "unevenness 
in the generatrix direction". 

[0370] The evaluation result is shown in Table 10. In Table 10, on the basis of the result of the embodiment 11-2, 
20 " AA" denotes the improvement of 1 5% or more, "A" denotes the improvement of 5% to less than 1 5% : and "B" denotes 
the improvement of less than 5%. 

[0371] As apparent from Table 1 0, the difference between the embodiments 11-1 and 11-2 was seen in all the items. 
[0372] In addition, images formed using the electrophotographic photosensitive member produced in the embodiment 
11 were excellent ones without photomemory, image density unevenness, image defect, image smearing, etc. 

25 

(Embodiment 12) 



[0373] A solar battery cell having the structure in FIG. 9 was produced by using the apparatus constituted as shown 
in FIG. 2. 

30 [0374] First, a stainless steel plate of 300 L x 300 W x 0.5 D mm was soaked in the mixed liquid of acetone and 
isopropyl alcohol, was subjected to ultrasonic cleaning, and thereafter, was dried with hot air. Then, Ag of 0.8 um thick 
having texturing structure was deposited at the formation temperature of 300°C by using a DC magnetron sputter 
method. Then, a transparent conductive film of ZnO with a thickness of 4.0 u,m, having the texturing structure, was 
deposited at the formation temperature of 300°C. 

35 [0375] Next, using the apparatus with the structure shown in FIG. 2, a pin layer was produced on the ZnO transparent 
film under the conditions shown in Table 17 by supplying high-frequency power with two kinds of frequencies, i.e. 105 
MHz (f1 ) and 60 MHz (f2), to the high-frequency electrode 21 14. In this case, layer formation was performed by changing 
the power ratio of the above two kinds of high-frequency power every layer. 

[0376] Next, ITO with a thickness of about 600A was deposited as a transparent electrode by a vacuum deposition 
40 method using resistance heating. Furthermore, Au with a thickness of about 8000A was deposited as a current collection 
electrode by a vacuum deposition method using an electron beam, producing a photovoltaic device. This is referred 
to as embodiment 12-1 . 



(Table 17) 





n type layer 


i type layer 


p type layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


30 


100 


10 


H 2 (ml/min (normal)) 


800 


1600 


200 


PH 3 /H 2 (2%) (ml/min (normal)) 


10 






B 2 H 6 /H 2 (2%) (ml/min (normal)) 






2 


Pressure (Pa) 


5 


3 


5 


Total power (W) 


200 


400 


300 


Power ratio (P2/P1 + P2) 


0.4 


0.3 


0.45 


Substrate temperature (°C) 


230 


250 


180 
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(Table 17) (continued) 





n type layer 


i type layer 


p type layer 


Film thickness (u.m) 


0.02 


1 


0.01 



[0377] In addition, for comparison, a photovoltaic device was produced under the same conditions as those in the 
embodiment 12-1 except that the ratio of high-frequency power was fixed at 0.3 every layer. This is referred to as 
embodiment 12-2. 

[0378] A distribution state of the release voltage in the above-described substrate when radiating the light of AM1 .5 
was investigated for the photovoltaic device obtained. Then, it was verified that in comparison with the embodiment 
1 2-2 where the power ratio was fixed, the difference between the maximum and minimum values of the release voltage 
in the substrate surface was reduced by 1 0% by changing the power ratio every layer according to the present invention. 

(Embodiment 13) 

[0379] Using the apparatus with the structure shown in FIG. 2, etching of a Si0 2 film formed on a Si wafer with a 
diameter of 200 mm placed on a substrate stage was conducted under the conditions shown in Table 18 by supplying 
high-frequency power with two kinds of frequencies, i.e. 1 05 MHz (f1 ) and 70 MHz (f2), to the high-frequency electrode 
2114. The distribution state of etching rate was investigated over the whole substrate surface. Etchir ; was performed 
while changing the power ratio of high-frequency power. This is referred to as embodiment 1 3-1 . 



(Table 18) 



Gas type and flow rate 
C 4 F 8 (ml/min (normal)) 
O s (ml/min (normal)) 


100 

20 


Pressure (Pa) 


2 


Total power (W) 


800 


Power ratio (P2/P1 + P2) 


0.5 0.6 



[0380] In addition, for comparison, similar etching was performed on the same conditions with the power ratio fixed 
at 0.5. This is referred to as embodiment 13-2. 

[0381] In consequence, it was verified that in comparison with the case that the power ratio was fixed, etching was 
performed more uniformly in the substrate since the difference between the maximum and minimum etching rates 
within the substrate surface was reduced by 15% by changing the power ratio of high-frequency power during the 
etching. 

(Embodiment 14-1) 

[0382] An oscillation f requency f 1 of a first high-frequency power supply 1 1 0A was made to be 1 05 MHz, an oscillation 
frequency f2 of a second high-frequency power supply 11 0B was made to be 50 MHz, and the two types of high- 
frequency power that was supplied therefrom was once synthesized after passing first and second matching circuits 
112A and 112B, with using the vacuum processing apparatus shown in FIGS. 10A and 10B. After that, by branching 
the high-frequency power in the six directions and applying them to six high-frequency electrodes 103 for plasma 
generation, a sample for the evaluation of film deposition rate were produced on the substrate 101 with a diameter of 
80 mm and a length of 358 mm, which was made of an aluminum cylinder, with using only the photoconductive layer 
formation conditions from among the conditions shown in Table 19. 

[0383] In addition, similarly, an oscillation frequency f 1 of a first high-frequency power supply 1 1 0A was made to be 
1 05 MHz, an oscillation frequency f2 of a second high-frequency power supply 1 1 0B was made to be 50 MHz, and the 
two types of high-frequency power that was supplied therefrom was once synthesized after passing first and second 
matching circuits 112A and 112B, with using the vacuum processing apparatus shown in FIGS. 10A and 10B. After 
that, by branching the high-frequency power in the six directions and applying them to six high-frequency electrodes 
103 for plasma generation, an electrophotographic photosensitive member comprising a charge injection blocking 
layer, a photoconductive layer and a surface layer was produced on the substrate 101 with a diameter of 80 mm and 
a length of 358 mm, which was made of an aluminum cylinder, under the conditions shown in Table 19. 
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(Table 19) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


200 


500 


20 


B 2 H 6 (ppm)* 


1000 


1.5 




NO (ml/min (normal)) 


10 






CH 4 (ml/min (normal)) 






50 


Substrate temperature (°C) 


240 


240 


240 


Pressure (Pa) 


1 


1 


1 


High-frequency power A (P1) (W) 


600 


2400 


420 


High-frequency power B (P2) (W) 


400 


1600 


280 


P2/(P1 + P2) 


0.4 


0.4 


0.4 


Layer thickness (ujti) 


2 


27 


0.6 



*: To SiH 4 

20 

(Embodiment 14-2) 



[0384] In this embodiment, instead of the vacuum processing apparatus that is shown in FIGS. 10A and 10B used 
in the embodiment 14-1 , a vacuum processing apparatus where one high-frequency electrode 603 for plasma gener- 
is ation was arranged in the center of the reactor chamber 602 as shown in FIGS. 1 5A and 1 5B was used. An oscillation 
frequency of a first high-frequency power supply 61 OA was made to be 1 05 MHz, an oscillation frequency of a second 
-high-frequency power supply 61 0B was made to be 50 MHz, and the two types of high-frequency power that was 
supplied was once synthesized after passing first and second matching circuits 61 2A and 61 2B. After that, by applying 
the high-frequency power to the high-frequency electrodes 603 for plasma generation, a sample for the evaluation of 
30 film deposition rate was produced on the substrate 601 with a diameter of 80 mm and a length of 358 mm, which was 
made of an aluminum cylinder, with using only the photoconductive layer formation conditions from among the condi- 
tions shown in Table 20. 

[0385] In addition, similarly, an oscillation frequency of a first high-frequency power supply 61 OA was made to be 
105 MHz, an oscillation frequency of a second high-frequency power supply 61 0B was made to be 50 MHz, and the 

35 two types of high-frequency power that was supplied was once synthesized after passing first and second matching 
circuits 61 2A and 61 2B, with using the vacuum processing apparatus shown in FIGS. 15A and 15B. After that, by 
applying the high-frequency power to the high-frequency electrodes 603 for plasma generation, an electrophotographic 
photosensitive member comprising a charge injection blocking layer, a photoconductive layer and a surface layer was 
produced on the substrate 601 with a diameter of 80 mm and a length of 358 mm, which was made of an aluminum 

40 cylinder, under the conditions shown in Table 20. 



(Table 20) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Gas type and flow rate 








SiH 4 (ml/min (normal)) 


200 


300 


20 


B 2 H 6 (ppm)* 


1000 


1.5 




NO (ml/min (normal)) 


10 






CH 4 (ml/min (normal)) 






50 


Substrate temperature (°C) 


240 


240 


240 


Pressure (Pa) 


1 


1 


1 


High-frequency power A (P1) (W) 


600 


1080 


420 


High-frequency power B (P2) (W) 


400 


720 


280 


P2/(P1 + P2) 


0,4 


0.4 


0.4 



*:ToSiH 4 
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w 



15 



20 



25 



30 



(Table 20) (continued) 





Charge injection blocking layer 


Photoconductive layer 


Surface layer 


Layer thickness (ujn) 


2 


27 


0.6 



[0386] The sample produced in the embodiment 1 4-1 and the sample produced by 1 4-2 were compared by evaluating 
the deposited film formation speed and electrophotographic characteristics at the time of photoconductive layer for- 
mation from two kinds of samples produced in the embodiments 14-1 and 14-2 with methods described below. The 
result is shown in Table 21 . 

(Table 21) 





Embodiment 14-1 


Deposited film formation speed 


A 


Chargeability 


B 


Sensitivity 


B 


Photomemory 


B 



(Method of evaluating deposited film formation speed) 

[0387] In a center position of the sample for deposited film formation speed evaluation, which was produced, in a 
radial direction, eight points of film thickness were measures in equal intervals in the circumferential direction with an 
eddy current type thickness measuring instrument, type E111 of HELMUT FICHER. Then, an average of them was 
calculated, and the deposited film formation speed was obtained from deposited film formation time. 
[0388] The result was classified into the following ranks by the comparison on the basis of the embodiment 14-2: 

A: Improvement of 50% or more 
B: Improvement of 25% or more 
C: Equal or less 



35 



40 



45 



(Method for evaluating electrophotographic characteristics) 

[0389] Each electrophotographic photosensitive member produced was set in a copying machine NP-6750 (made 
by Canon Inc.) modified for this evaluation, and evaluation items were three items, that is, "chargeability", "sensitivity", 
and "photomemory", and each item was evaluated with the following specific evaluation method. 

(Chargeability) 

[0390] Dark portion potential in a developing apparatus position at the time of passing a predetermined current in 
the main charging device of a copying machine is defined as "chargeability" (however, it is defined as an average in a 
circle of a circumferential direction). Therefore, the larger the numeric value is, the better it is. The "chargeability" of 
the electrophotographic photosensitive member was measured over the whole region in the generatrix direction, and 
measurements were classified into the following ranks for the largest value by the comparing with reference to the 
embodiment 14-2. 



50 



A: Improvement of 1 0% or more 
B: Improvement of less than 1 0% 
C: Equal or less 

(Sensitivity) 



55 



[0391 ] After adjusting a current value of a main charging device so that dark portion potential in a developing appa- 
ratus position may become a predetermined value : image exposure is performed. Subsequently, the exposure of an 
image exposure light source is adjusted so that the surface potential (light, portion potential) may become a predeter- 
mined value, and the exposure amount is made to be the "sensitivity" (here, the value is an average in a circle of 
circumferential direction). Therefore, the larger the numeric value is, the better it is. The "sensitivity" of the electropho- 
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tographic photosensitive member was measured over the whole region in the generatrix direction, and measurements 
were classified into the following ranks for the smallest value by the comparison on the basis of the embodiment 1 4-2. 

A: Improvement of 10% or more 
5 B: Improvement of less than 10% 

C: Equivalent or deterioration 

(Photomemory) 

w [0392] After adjusting a current value of a main charging device so that dark portion potential in a developing appa- 
ratus position may become a predetermined value, image exposure of light quantity being adjusted so that surface 
potential (light portion potential) in a developing apparatus position may become a predetermined value is performed. 
Afterthat, the potential difference between the surface potential in the development position at the time of being charged 
in the same current value again and the surface potential in a previous non-exposure state (dark portion potential) is 

15 measured, and is made to be "photomemory" (here, the value is an average in a circle of circumferential direction). 
Therefore, the smaller the numeric value is, the better it is. The "photomemory" of the electrophotographic photosen- 
sitive member was measured over the whole region in the generatrix direction, and measurements were classified into 
the following ranks for the smallest value by the comparison on the basis of the embodiment 14-2. 

20 A: Improvement of 1 0% or more 

B: Improvement of less than 10% 
C: Equivalent or deterioration 

(Embodiment 14-3) 

25 

[0393] An oscillation frequency of a first high-frequency power supply 61 OA was made to be 1 05 MHz, an oscillation 
frequency of a second high-frequency power supply 61 OB was made to be 50 MHz, and the two types of high-frequency 
power that was supplied was once synthesized after passing first and second matching circuits 61 2A and 61 2B, similarly 
to the embodiment 14-2 with using the vacuum processing apparatus shown in FIGS. 15A and 15B. After that, by 
30 applying the high-frequency powerto one high-frequency electrode 603 for plasma generation, an electrophotographic 
photosensitive member comprising a charge injection blocking layer, a photoconductive layer, and a surface layer was 
produced on the substrate 601 with a diameter of 80 mm and a length of 358 mm, which was made of an aluminum 
cylinder, under the conditions shown in Table 19 used in the embodiment 14-1. 

[0394] The electrophotographic characteristics unevenness of the electrophotographic photosensitive members pro- 
35 duced in the embodiments 14-1 and 14-3 was evaluated with the following method, and the comparison of the sample 
produced in the embodiment 14-1 with the sample produced in the embodiment 14-3 was performed. The result is 
shown in Table 22. 



(Table 22) 





Embodiment 14-1 


Chargeability unevenness in generatrix direction 


AA 


Sensitivity unevenness in generatrix direction 


A 


Photomemory unevenness in generatrix direction 


AA 


Image density unevenness in generatrix direction 


A 



(Method of evaluating electrophotographic characteristics unevenness) 

50 [0395] Each electrophotographic photosensitive member produced was set in a copying machine NP-6750 (made 
by Canon Inc.) modified for this evaluation, and evaluation items were four items, that is, "chargeability unevenness 
in generatrix direction", "sensitivity unevenness in generatrix direction", "photomemory unevenness in generatrix di- 
rection", and "image density unevenness in generatrix direction", and respective items were evaluated with the following 
specific evaluation methods. 

55 
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(Changeability un evenness in generatrix direction) 

[0396] The electrophotographic photosensitive member was measured for "chargeability" over the whole generatrix 
direction thereof, and the difference between the maximum and minimum values to an average was evaluated as 
"chargeability unevenness in the generatrix direction". Therefore, the smaller the numeric value is, the better it is. 
Measurements were classified into the following ranks respectively by the comparison on the basis of the embodiment 
14-3. 



A: Improvement of less than 50% 

B: Improvement between 50% or more and less than 75% 
C: Improvement of 75% or more 
D: Deterioration 



15 



20 



25 



30 



(Sensitivity unevenness in generatrix direction) 

[0397] The electrophotographic photosensitive member was measured for "sensitivity" over the whole generatrix 
direction thereof, and the difference between the maximum and minimum values to an average was evaluated as 
"sensitivity unevenness in the generatrix direction". Therefore, the smaller the numeric value is, the better it is. Meas- 
urements were classified into the following ranks respectively by the comparison on the basis of the embodiment 14-3. 

A: Improvement of less than 50% 

B: Improvement between 50% or more and less than 75% 
C: Improvement of 75% or more 
D: Deterioration 

(Photomemory unevenness in generatrix direction) 

[0398] The electrophotographic photosensitive member was measured for "photomemory" over the whole generatrix 
direction thereof, and the difference between the maximum and minimum values to an average was evaluated as 
"photomemory unevenness in the generatrix direction". Therefore, the smaller the numeric value is, the better it is. 
Measurements were classified into the following ranks respectively by the comparison on the basis of the embodiment 
14-3. 



A: Improvement of less than 50% 

B: Improvement between 50% or more and less than 75% 
C: Improvement of 75% or more 
D: Deterioration 



(Image density unevenness in generatrix direction) 

40 

[0399] After adjusting a current value of a main charging device so that dark portion potential in a developing appa- 
ratus position might become a fixed value, with using white paper with the reflection density of 0.1 or less as a manu- 
script, the image exposure quantity was adjusted so that the light portion potential in a developing apparatus position 
might become a predetermined value. Next, a half tone chart (part number: FY9-9042 made by Canon Inc.) was put 
m on a manuscript stand, and an evaluation was performed using a difference between the maximum value and the 
minimum value for reflection density in the entire area on a copy image acquired at the time of copying. Therefore, the 
smaller the numeric value is, the better it is. Measurements were classified into the following ranks respectively by the 
comparison on the basis of the embodiment 14-3. 



A: Improvement of less than 50% 

B: Improvement between 50% or more and less than 75% 
C: Improvement of 75% or more 
D: Deterioration 



[0400] As apparent from Tables 21 and 22, it became clear that it was possible to obtain a sufficient standing wave 
suppressing effect and to form a excellent deposited film uniformly at high speed even if the high-frequency power to 
be applied was enlarged, by branching a plurality of high-frequency powers whose frequencies were different from 
each other after once synthesis thereof and applying them to a plurality of high-frequency electrodes for plasma gen- 
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eration respectively. In addition, in this embodiment, the comparison of electrophotographic characteristics unevenness 
between the electrophotographic photosensitive members produced in the embodiments 14-1 and 14-2 was also per- 
formed at the same time. However, the result is not mentioned in Table 21 since they were almost equivalent owing to 
a sufficient standing wave suppressing effect. 

5 

(Embodiment 15) 

[0401] In this embodiment, instead of the vacuum processing apparatus that is shown in FIGS. 10A and 10B and 
was used in the embodiment 14-1 , as shown in FIGS. 11 A and 11B, a vacuum processing apparatus where variable 

10 impedance LC circuit was arranged as an auxiliary matching circuit 401 on a feeding point side of each high-frequency 
electrode for plasma generation was used. In addition, an oscillation frequency f1 of a first high-frequency power supply 
11 OA was made to be 105 MHz, an oscillation frequency f2 of a second high-frequency power supply 11 0B was made 
to be 50 MHz, and the two types of high-frequency power that was supplied therefrom was once synthesized after 
passing first and second matching circuits 112A and 112B. After that, by branching the high-frequency power in the 

15 six directions and applying them to six high-frequency electrodes 103 for plasma generation through the auxiliary 
matching circuits 401 , an electrophotographic photosensitive member comprising a charge injection blocking layer, a 
photoconductive layer, and a surface layer was produced on the substrate 101 with a diameter of 80 mm and a length 
of 358 mm, which was made of an aluminum cylinder, under the conditions shown in Table 19. Furthermore, the im- 
pedance of the LC circuit was suitably changed during deposited film formation. 

20 

(Embodiment 1 6) 

[0402] An apparatus that was used in this embodiment was a vacuum processing apparatus where a 30-pF capacitor 
was arranged on a feeding point side of each high-frequency electrode for plasma generation in the vacuum processing 

25 apparatus of FIGS. 11 A and 11 B used in the embodiment 15 as an auxiliary matching circuit 401. In addition, an 
oscillation frequency f1 of a first high-frequency power supply 11 OA was made to be 1 05 MHz, an oscillation frequency 
f2 of a second high-frequency power supply 11 OB was made to be 50 MHz, and the two types of high-frequency power 
that was supplied therefrom was once synthesized after passing first and second matching circuits 112A and 11 2B. 
After that, by branching the high-frequency power in the six directions and applying them to six high-frequency elec- 

30 trodes 1 03 for plasma generation through the capacitor, an electrophotographic photosensitive member comprising a 
charge injection blocking layer, a photoconductive layer, and a surface layer was produced on the substrate 101 with 
a diameter of 80 mm and a length of 358 mm, which was made of an aluminum cylinder, under the conditions shown 
in Table 19. 

[0403] The evaluation of electrophotographic characteristics unevenness of the electrophotographic photosensitive 
35 members produced in the embodiments 15 and 16 was performed, and the comparison of them with the electropho- 
tographic photosensitive member produced in the embodiment 14-2 was performed. The result is shown in Table 23. 
As apparent from Table 23, it became clear that it was possible to further enhance the uniformity of film quality since 
it was possible to obtain a more remarkable standing wave suppressing effect by arranging an auxiliary matching circuit 
on a feeding point side of each high-frequency electrode for plasma generation, branching high-frequency power that 
40 was once synthesized from a plurality of high-frequency power, whose frequencies were different from each other, 
beforehand, and applying the high-frequency power to a high-frequency electrode after further passing each auxiliary 
matching circuit. 

[0404] In addition, the deposited film formation speed and electrophotographic characteristics of the electrophoto- 
graphic photosensitive members that were produced in the embodiments 15 and 1 6 were equivalent to those of the 
45 electrophotographic photosensitive member produced in the embodiment 14-1 . Moreover, in the case of using a ca- 
pacitor in the embodiment 16, workability in assembling of an apparatus and the like was improved. 



(Table 23) 





Embodiment 15 


Embodiment 1 6 


Chargeability unevenness in generatrix direction 


B 


B 


Sensitivity unevenness in generatrix direction 


C 


C 


Photomemory unevenness in generatrix direction 


C 


c | 


Image density unevenness in generatrix direction 


B 


B 



[0405] In addition, with using the above-described evaluation methods, ranks in comparison with the embodiment 
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14-2 were as follows. 



(Chargeability unevenness in generatrix direction) 



5 



[0406] 



10 



A: 
B: 
C 
D 



Improvement of less than 50% 

Improvement between 50% or more and less than 75% 

Improvement of 75% or more 

Deterioration 



(Sensitivity unevenness in generatrix direction) 



[0407] 



15 



A: 
B: 
C 

D: 



Improvement of less than 50% 

Improvement between 50% or more and less than 75% 

Improvement of 75% or more 

Deterioration 



20 



(Photomemory unevenness in generatrix direction) 



[0408] 



A: Improvement of less than 50% 

B: Improvement between 50% or more and less than 75% 
C: Improvement of 75% or more 
D: Deterioration 

(Image density unevenness in generatrix direction) 



(Embodiment 17) 

40 

[0410] An apparatus that was used in this embodiment instead of the vacuum processing apparatus, which is shown 
in FIGS. 11A and 11B and was used in the embodiment 16 : was a vacuum processing apparatus where each high- 
frequency electrode for plasma generation was arranged outside an alumina ceramic dielectric member 501 and further 
a 20-pF capacitor was arranged on a feeding point side of each high-frequency electrode for plasma generation as an 

45 auxiliary matching circuit 401 , as shown in FIGS. 1 2A and 1 2B. In addition, an oscillation frequency f 1 of a first high- 
frequency power supply 1 1 0A was made to be 1 05 MHz, an oscillation frequency f2 of a second high-frequency power 
supply 11 0B was made to be 50 MHz, and the two types of high-frequency power that was supplied therefrom was 
once synthesized after passing first and second matching circuits 11 2A and 112B. After that, by branching the high- 
frequency power in the six directions and applying them to six high-frequency electrodes 103 for plasma generation 

so through the capacitor, an electrophotographic photosensitive member comprising a charge injection blocking layer, a 
photoconductive layer, and a surface layer was produced on the substrate 101 with a diameter of 80 mm and a length 
of 358 mm, which was made of an aluminum cylinder, under the conditions shown in Table 19. 

[0411] The evaluation of electrophotographic characteristic unevenness of the electrophotographic photosensitive 
member produced in the embodiments 1 7 was performed, and the comparison of it with the electrophotographic pho- 
55 tosensitive member produced in the embodiment 14-2 was performed. The result is shown in Table 24. As apparent 
from Table 24, it became clear that it was possible to further enhance the uniformity of film quality since it was possible 
to obtain a more remarkable standing wave suppressing effect by disposing the high-frequency electrodes for plasma 
generation outside the dielectric member. In addition, the deposited film formation speed and electrophotographic 



[0409] 



35 



A: Improvement of less than 50% 

B: Improvement between 50% or more and less than 75% 
C: Improvement of 75% or more 
D: Deterioration 
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characteristics of the electrophotographic photosensitive member that was produced in the embodiment 1 7 were equiv- 
alent to those of the electrophotographic photosensitive member produced in the embodiment 1 4-1 . 

(Table 24) 





Embodiment 17 


Chargeability unevenness in generatrix direction 


B 


Sensitivity unevenness in generatrix direction 


B 


Photomemory generatrix direction unevenness 


B 


Image density unevenness in generatrix direction 


B 



[0412] In addition, with using the above-described evaluation methods, the comparison ranks were the same as 
those of the embodiment 15. 

15 

(Embodiment 18) 



[041 3] An apparatus that was used in this embodiment instead of the vacuum processing apparatus, which is shown 
in FIGS. 12A and 12B and was used in the embodiment 17, was a vacuum processing apparatus where each high- 
frequency electrode for plasma generation was disposed outside an alumina ceramic dielectric member 501, one 
material gas supply means 1 04 was disposed in the center of the dielectric member 501 , and further a 20-pF capacitor 
was disposed on a feeding point side of each high-frequency electrode for plasma generation as an auxiliary matching 
circuit 401, as shown in FIGS. 13A and 13B. In addition, an oscillation frequency f1 of a first high-frequency power 
supply 11 OA was made to be 105 MHz, an oscillation frequency f2 of a second high-frequency power supply 11 0B was 
made to be 70 MHz : and the two types of high-frequency power that was supplied therefrom was once synthesized 
after passing first and second matching circuits 112A and 112B. After that, by branching the high-frequency power in 
the six directions and applying them to six high-frequency electrodes 103 for plasma generation through the capacitor, 
an electrophotographic photosensitive member comprising a charge injection blocking layer, a photoconductive layer, 
and a surface layer was produced on the substrate 1 01 with a diameter of 108 mm and a length of 358 mm, which was 
made of an aluminum cylinder, under the conditions shown in Table 25. 

[0414] The electrophotographic photosensitive member produced was set in a Canon copying machine GP-605 
modified for this evaluation, and evaluation of electrophotographic characteristics and electrophotographic character- 
istic unevenness was performed, and the evaluation result of all the electrophotographic photosensitive members was 
good. 

[0415] Furthermore, a character manuscript was copied so that a clear image whose black density was thick was 
obtained. In addition, it was possible to obtain an image that was clear and faithful to a manuscript also in the copying 
of a photograph manuscript. 



(Table 25) 





Charge injection 
blocking layer 


Photoconductive layer 


Surface layer 


1st layer region 


Continuously 
changing region 


2nd layer region 


Gas type and 


250 


550 


550 -> 200 


200 


200 -» 30 -» 20 


flow rate SiH 4 












(ml/min 












(normal)) 












H 2 (ml/min 


100 


100 


100 ^0 






(normal)) 












B 2 H 6 (ppm)* 


1000 


1 


1 -+0.3 


0.3 




NO (ml/min 


10 










(normal)) 












CH 4 (ml/min 










0 -» 20 -> 60 


(normal) ) 













*: To SiH 4 
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(Table 25) (continued) 







Charge injection 
blocking layer 


Photoconductive layer 


Surface layer 


5 






1st layer region 


Continuously 
changing region 


2nd layer region 




10 


Substrate 
temperature 

ro 


240 


250 


250 


250 


250 




Pressure (pa) 


1 


1 


1 


1 


1 


15 


High-frequency 
power A (P1) 
(W) 


600 


2450 


2450 -> 840 


840 


840 -> 350 




High-frequency 
power B (P2) 
(W) 


400 


1050 


1050 -> 360 


360 


360 350 


20 


P2/(P1 + P2) 


0.4 


0.7 


0.7 


0.7 


0.7 -> 0.5 


Layer thickness 

i ^ 


2 


23 


** 


7 


0.6 



Gas flow rates and high-frequency powers were continuously changed for 5 min. 



25 (Embodiment 19) 

[0416] In this embodiment, instead of the vacuum processing apparatus that is shown in FIGS. 13A and 13B and 
was used in the embodiment 18, as shown in FIGS. 14A and 14B, a vacuum processing apparatus where three of 
high-frequency power supplies were disposed was used. In addition, an oscillation frequency f 1 of a first high-frequency 

30 power supply 11 OA was made to be 105 MHz, an oscillation frequency f2 of a second high-frequency power supply 
110B was made to be 50 MHz, an oscillation frequency f3 of a third high-frequency power supply 801 was made to be 
400 kHz, and the three of high-frequency power that was supplied therefrom was once synthesized after passing first, 
second, and third matching circuits 112A, 112B, and 802. After that, by branching the high-frequency power in the six 
directions and applying them to six high-frequency electrodes 1 03 for plasma generation, an electrophotographic pho- 

35 tosensitive member comprising a charge injection blocking layer, a photoconductive layer, and a surface layer was 
produced on the substrate 101 with a diameter of 108 mm and a length of 358 mm, which was made of an aluminum 
cylinder, under the conditions shown in Table 26 instead of the conditions that are shown in Table 25 used in the 
embodiment 18. In addition, in the conditions shown in Table 26, the frequencies of the top two high-frequency power 
values that become references are 1 05 MHz and 50 MHz. 

40 [0417] The electrophotographic photosensitive member that was produced was set in a Canon copying machine 
GP-605 modified for this test, the evaluation of electrophotographic characteristics and electrophotographic charac- 
teristic unevenness was performed, and the evaluation result of all the electrophotographic photosensitive members 
was good. 

[0418] Furthermore, a character manuscript was copied so that a clear image whose black density was thick was 
45 obtained. In addition, it was possible to obtain an image that was clear and faithful to a manuscript also in the copying 
of a photograph manuscript. 



(Table 26) 



50 




Charge injection 
blocking layer 


Photoconductive layer 


Surface layer 








1st layer region 


Continuously 
changing region 


2nd layer region 




55 


Gas type and 
flow rate 














SiH 4 (ml/min 
(normal)) 


250 


550 


550 -» 200 


200 


200 -> 30 -> 20 
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(Table 26) (continued) 







charge injection 
blocking layer 


Photoconductive layer 


Surface layer 


5 






1st layer region 


Continuously 
changing region 


2nd layer region 




10 


H 2 (ml/min 
(normal)) 
B 2 H 6 (ppm)* 
NO (ml/rnin 
(normal)) 
CH 4 (ml/min 
(normal)) 


1 uu 

1000 
10 


100 
1 


100 -> 0 
1 -» 0.3 


0.3 


0 -> 20 -> 60 


15 


Substrate 

temperature 

<°C) 


240 


250 


250 


250 


250 




Pressure (pa) 


1 


i 


i 


i 




20 


High-frequency 
power A (P1 ) 
(W) 


600 








840 -> 350 


25 


High-frequency 
power B (P2) 
(W) 


400 


1050 


1050 ->360 


360 


360 -> 350 




High-frequency 
power C (W) 


100 


100 


100 


100 


100 


30 


P2/(P1 + P2) 


0.4 


0.7 


0.7 


0.7 


0.7 -> 0.5 




Layer thickness 
(un- 


2 


23 


** 


7 


0.6 



•: To SiH 4 

**: Gas flow rates and high-frequency powers were continuously changed for 5 m in. 

35 



[0419] A vacuum processing method including placing an article to be processed in a reaction container and simul- 
taneously supplying at least two high-frequency powers having different frequencies to the same high-frequency elec- 
trode to generate plasma in the reaction container by the high-frequency powers introduced into the reaction container 
from the high-frequency electrode. The frequencies and power values of the at least two high-frequency powers sup- 
plied satisfy the required relationship. Also, disclosed are a semiconductor device manufacturing method, a semicon- 
ductor device and a vacuum processing apparatus. 



Claims 

1 . A vacuum processing method comprising placing an article to be processed in a reaction container and simulta- 
neously supplying at least two high-frequency powers having mutually different frequencies to the same high- 
frequency electrode to have plasma generated in said reaction container by the high-frequency powers introduced 
into said reaction container from the high-frequency electrode thereby processing said article, wherein, when the 
frequency of one of the at least two high-frequency powers to be supplied to said high-frequency electrode is f 1 
and its power value is P1, and the frequency of the other high-frequency power is f2 and its power value is P2, 
said frequencies f 1 , f2 and said power values P1 , P2 satisfy all the following three conditions (a) to (c): 

(a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by 
the high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to 
said high-frequency electrode; and 
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10 



15 



20 



(c)0.9>P2/(P1 + P2)>0.1. 

2. The vacuum processing method according to claim 1 , wherein said frequencies f 1 and f2 satisfy the condition of 

250 MHz > f1 > f2 > 30 MHz. 

3. The vacuum processing method according to claim 1 , wherein said power values P1 and P2 satisfy the condition of 

0.7 > P2/(P1 + P2) > 0.2. 

4. The vacuum processing method according to claim 1 , wherein said frequencies f1 , f2 and said power values P1 , 
P2 satisfy the condition of 

f2/f1 > P2/(P1 + P2). 

5. The vacuum processing method according to claim 1 , wherein said frequencies f 1 and f2 satisfy the condition of 

0.9 > f2/f1 > 0.5. 

6. The vacuum processing method according to claim 1 , wherein said high-frequency electrode is formed in a rod- 
25 like shape. 

7. The vacuum processing method according to claim 1 , wherein said article to be processed is formed in a cylindrical 
or columnar shape. 

30 8. The vacuum processing method according to claim 1 , wherein a deposited film is formed on a surface of said 
article to be processed. 

9. The vacuum processing method according to claim 1 , wherein a deposited film for electrophotographic photosen- 
sitive members is formed on a surface of said article to be processed. 

35 

10. The vacuum processing method according to claim 1, wherein a power ratio of said high-frequency powers is 
changed while processing said article to be processed. 

11. A method for manufacturing a semiconductor device comprising placing a substrate in a reaction container, and 
40 simultaneously supplying at least two high-frequency powers having mutually different frequencies to the same 

high-frequency electrode to have plasma generated in said reaction container by the high-frequency powers in- 
troduced into said reaction container from the high-frequency electrode, thereby forming a plurality of layers on 
the substrate, wherein, when a frequency of one of the at least two high-frequency powers to be supplied to said 
high-frequency electrode is f1 and its power value is P1 , and the frequency of the other high-frequency power is 
f2 and its power value is P2, said frequencies f 1 , f2 and said power values P1 , P2 satisfy all the following three 
conditions (a) to (c) 

(a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by 
the high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to 
said high-frequency electrode; and 

(c) 0.9 > P2/(P1 +P2)>0.1. 

12. The method for manufacturing a semiconductor device according to claim 11 , wherein, while forming at least one 
55 of said plurality of layers, a power ratio of said plurality of high-frequency powers supplied to said high-frequency 

electrode is changed. 

13. The method for manufacturing a semiconductor device according to claim 11 , wherein, in forming at least two of 
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said plurality of layers, a power ratio of said high-frequency powers supplied to said high-frequency electrode is 
changed between the case of forming one of said layers and the case of forming the other of said layers. 



14. A semiconductor device comprising a plurality of layers on a substrate, said plurality of layers being formed by 
5 placing the substrate in a reaction container and simultaneously supplying at least two high-frequency powers 

having mutually different frequencies to the same high-frequency electrode to have plasma generated in said 
reaction container by the high-frequency powers introduced into said reaction container from the high-frequency 
electrode, wherein, when the frequency of one of the at least two high-frequency power to be supplied to said high- 
frequency electrode is f 1 and its power value is P1 , and the frequency of the other high-frequency power is f2 and 
10 its power value is P2, said plurality of layers formed with said frequencies f1, f2 and said power values P1, P2 

satisfy all the following three conditions (a) to (c) 



(a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by 
is the high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to 

said high-frequency electrode; and 

(c) 0.9>P2/(P1 +P2)>0.1. 



15. The semiconductor device according to claim 14, wherein at least one of said plurality of layers is formed by 
20 changing a power ratio of the high-frequency powers supplied to said high-frequency electrode while forming the 

layers. 

16. The semiconductor device according to claim 14, wherein at least two of said plurality of layers are formed by 
changing a power ratio of the high-frequency powers supplied to said high-frequency electrode between the case 

25 of forming one of said layers and the case of forming the other of said layer areas. 

17. The semiconductor device according to claim 14, wherein said plurality of layers comprise a non-single crystal 
material having silicon atoms as its matrix and containing hydrogen atoms and/or halogen atoms. 

30 18. The semiconductor device according to claim 17, wherein said semiconductor device is an electrophotographic 
photosensitive member. 

19. A vacuum processing method comprising placing an article to be processed in a reaction container and simulta- 
neously supplying at least two high-frequency powers having mutually different frequencies to the same high- 
35 frequency electrode to have plasma generated in said reaction container by the high-frequency powers introduced 

into said reaction container from the high-frequency electrode, thereby processing said article, wherein the method 
includes a step of synthesizing the high-frequency powers to be supplied to said electrode and a step of branching 
said synthesized high-frequency powers to apply them to a plurality of said electrodes respectively 

40 20. The vacuum processing method according to claim 19, comprising a step of supplying the high-frequency powers 
to be supplied to said electrode from each high-frequency power supply and a step of synthesizing said high- 
frequency powers after going through a matching circuit. 

21 . The vacuum processing method according to claim 1 9, wherein, when a frequency of one of the at least two high- 
45 frequency powers to be supplied to said electrode is f 1 and its power value is P1 , and the frequency of the other 

high-frequency power is f2 and its power value is P2, said frequencies f1 , f2 and said power values P1 , P2 satisfy 
all the following three conditions (a) to (c): 



(a) 250 MHz > f 1 > f2 > 1 0 MHz; 

(b) said power values P1 and P2 are the highest and next highest power values of the power values held by 
the high-frequency powers within the above frequency range (a), of said high-frequency powers supplied to 
said electrode; and 

(c) 0.9>P2/(P1 + P2)>0.1. 



55 22. The vacuum processing method according to claim 21 , comprising a step of changing a ratio of the power values 
of the high-frequency powers while processing said article to be processed. 

23. The vacuum processing method according to claim 1 9 comprising a step of disposing an auxiliary matching circuit 
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on each feeding point side of said high-frequency electrode to adjust an impedance by using said circuit. 

24. The vacuum processing method according to claim 23 comprising a step of preparing a capacitor of unchangeable 
capacity as said auxiliary matching circuit and a step of fixing said impedance by said capacitor. 

5 

25. The vacuum processing method according to claim 19 comprising a step of introducing material gases into said 
reaction container and decomposing said gases by the plasma so as to form a deposited film on said article to be 
processed. 

10 26. The vacuum processing method according to claim 19 comprising a step of introducing material gases into said 
reaction container and decomposing said gases by the plasma so as to form a deposited film on said article to be 
processed, thereby forming an electrophotographic photosensitive member. 



15 



20 



35 



40 



45 



50 
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27. A vacuum processing apparatus comprising a reaction container capable of being evacuated and a means for 
supporting an article to be processed disposed in said reaction container, said article being processed by making 
use of high-frequency powers to generate plasma in said reaction container, wherein the apparatus has: 



at least one high-frequency power supplying means for supplying at least two high-frequency powers having 
mutually different frequencies; 

an impedance matching means for adjusting impedances of transmission routes of said high-frequency pow- 
ers; 

a synthesis means for synthesizing said high-frequency powers having mutually different frequencies; 
a branching means for branching the high-frequency powers synthesized by said synthesis means; and 
a plurality of high-frequency electrodes to which the high-frequency powers branched by said branching means 
25 are applied. 

28. The vacuum processing apparatus according to claim 27, wherein said impedance matching means is placed 
between said high-frequency power supplying means and said synthesis means. 

30 29. The vacuum processing apparatus according to claim 27, wherein an auxiliary impedance matching means is 
placed on each feeding point side of said high-frequency electrode. 

30. The vacuum processing apparatus according to claim 29, wherein said auxiliary impedance matching means is a 
capacitor of unchangeable capacity. 



31. The vacuum processing apparatus according to claim 27, wherein said high-frequency electrode for generating 
the plasma is in a rod-like shape. 

32. The vacuum processing apparatus according to claim 27, wherein said article to be processed is cylindrical. 

33. The vacuum processing apparatus according to claim 27, wherein said reaction container is cylindrical and said 
high-frequency electrodes are equidistantly disposed on a circumference with the same central axis as the reaction 
container. 

34. The vacuum processing apparatus according to claim 33, wherein said high-frequency electrodes are placed out- 
side said reaction container partially comprised of a dielectric member. 

35. The vacuum processing apparatus according to claim 34 : wherein a plurality of said means for supporting an article 
to be processed are equidistantly disposed on a circumference with the same central axis as the reaction container. 

36. The vacuum processing apparatus according to claim 35, wherein one material gas introducing means is disposed 
at the center of said reaction container. 

37. The vacuum processing apparatus according to claim 27, comprising a plu rality of high-frequency power supplying 
means, each being capable of supplying a different high-frequency power having a different frequency. 
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FIG. 1A 




FIG. 1B 




FIG. 1C 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 8A 



FIG. 8B 
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FIG. WB 
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FIG. 12A 
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